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A B S T R A C T
Effects of Salinity, Diets and. Chemicals on the
Development, Growth and Survival of Sand Shrimp
(Metapenaeus ensis) during the
Artificial propagation
Sand shrimp (Metapenaeus ensis) is extensively cultured
in Hong Kong. This species has a long reproductive season
lasting from May to October in conjunction with the high water
temperature. Artificial propagation of this species can follow
the basic pattern of shrimp hatchery procedure. Similarly,
the embryonic and larval development of M. ensis is
similar to other Penaeidae.
Salinity affects survival as well as development. Optimum
salinity ranges are found for different. larval stages. In
general, the early larvae cannot survive high salinity
changes. The range of optimum salinity increases as the
juveniles reach older stage. Finally, the adult cannot tolerate
a small salinity change as is shown by the mortality of gravid
females in the salinity test. Respiratory rate of this
species indicated that metabolism is unaffected by salinity
but there is a highly significant correlation between
respiratory rate and temperature.
M. ensis larvae can be cultivated by using the Isochr sis
galbana, Thalassaria pseudonema and artifical plankton B.P.
diets. Growth tests on juveniles show a maximum in growth
using diet with protein content 56%. No correlation was
recorded when the juveniles wer.efed with diets having
different lipid and carbohydrate contents.
Finally, the-chemical survival test shows that M. ensis
juveniles can survive a higher concentration of formalin
and saponin than of malachite green and rotenone. Thus in
removing bacteria and fungi, formal in is superior to
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The husbandry of aquatic animals is an ancient method
to supply human protein. The organisms cultivated
include fishes, prawns, bivalves etc. The shrimps,
or prawns, however, occupy a very important position
in the invertebrate cultivation. The keen demand
for shrimp flesh and its high value prompted many
organizations to study the possibility of culturing
shrimp in many parts of the world. Recently, cultivation
of shrimp on industrial scale has been carried on many
countries of tropical and temperate zcnes. As a result,
the status of shrimp culture practiced in different
region varies greatly. Indeed, the extent of interest
is such that some 46 species of shrimp have been cultivated
experimentally in over 40 countries (Wickin, 1976).
Although the catch of shrimp trawled in the sea has steadily
increased it cannot keep pace with the rapidly increasing
demands in the world market. Early shrimp cultivation
techniques were crude, often consisting of no more than
trapping and confining of young shrimp in brackish water
pond for several months before harvesting. The first
success in spawning and practical rearing of Kuruma
shrimp was recorded in Japan (Fujinaga, 1934), but it
was not until 1942, that Hudinaga published a method for
the culture of larval P. japoni-cus. However, much of the
marine shrimp culture research is conducted in scattered
areas with Great variation, and in an inconsistent
2and non-transferable manner. The culturing condition may
said to be species specific despite some similarity. Shrimp
cultivation can roughly be divided into two phases. The
production of seed shrimp in the hatchery laboratory and
the rearing of these seed shrimp in pond to marketable size.
The main objective of shrimp aquaculture is the improvement
of rapid growth by artificial diets, curing disease caused by
other organisms, and an effective monitoring system.
Selection of the cultured species mainly depends on local
supply of spawners, the growth rate of the organism,
nutritional requirement, disease combating ability etc. On
some occasions, introduction of foreign species (exotic species)
has also been successed. The most commonly cultivated species
include Penaeus monodon, P. japonicus, P. orientalis,
P. merguiensis, Metapenaeus ensis, M. monoceros etc.
In Hong Kong, Metapenaeus ensis (de Hann), or commonly
called the sand shrimp, is the most popular maricultural
shrimp. This species has been successfully cultivated, a:
reported, in the Marine Science Laboratory (Tseng and
Cheng, 1981). Although intensive shrimp cultivation
technique has been developed, many problems still exist
and require immediate solution. Regardless of all
achievement, the knowledge reproduction, the biology,
its natural habitat, nutritional requirement, chemical
tolerance in combating disease etc. are not investigated
for this species. Thus the main objectives of this study
can 'be divided into the following:-
31) The study of the general biology and morphological
features of ?4etapenaeus ensis (de Hann) based
on wild caught shrimp and pond cultured juveniles.
2) A brief study of the artifical propagation in
the larval rearing tanks and the culture pond
of M. ensis which include breeding,spawning anc
growth of larva etc. Through this study, the
effects of temperature, EDTA on the growth and
development of larva was investigated.
3) Embryological study of M. ensis delineated by
microscopic study of developing embryos.
Identification of different larval stages from
larva.
4) Salinity is one of the most important environemntal
factors affecting the distribution, migration,
growth and metabolism of marine organism including
the shrimps. Thus the salinity effects towards
these objectives will be studied.
45) Feed is the single largest item in the running
expenditure of commercial shrimp farms. In general,
the growth of shrimp can be divided into two
different phases. The primarily larval phase
and the juveniles phase in the pond culture.
Both phases required different food type for
the grow. The early larva usually consume the
phytoplankton or artificial plankton diets while
the later stage consume the animal fresh or the
artificial diet made from natural food sources.
The nutritional requirement of M. ensis in the
two phases will be investigated.
6) The attack on shrimp by predators and/or disease
is the main factor reducing the production of
shrimp population. In order to safe-guard the
production and keep healthy of the culture population,
control of disease and eradication of predators
become urgently important. The applications
of chemical to control diseases and fish removing
may do harms to shrimp. The dosage concentration
and dosage time is species specific. The toxicity
of different chemical therapeutics on M. ensis
will be studied.
52.1 INTRODUCTION
The taxonomy.of M. ensis has been studied by many
workers (Cheung,1960 Wear and. Stirling, 1974 Kurian, 198Z),
This species is frequently confused with another
species of the same geneus, i.e. Metapenaeus monoceros.
Some workers even suggested that M. ens is and M.monoceros
are the same species with different scientific names.
Thus the true identity of this two species is always
confused. The conf_usior arises mainly due to inadequate
information on the biology and distribution of these
two species. Seven genera and twenty five species
of nenaeid. prawns are found in Hong Kong territorial waters
and in adjacent watexsd.own to 55 meters depth. Among
these species, the M. ensis is one of-the most economically
important species. This species is commonly caught
in the coastal water of South China Sea by shrimp
trawlers. Wild caught M. ensis is one that can be
obtained in the local sea food markets (Fig. 2.3).
Thus gravid females can be purchased quite easy during
the spawning season in the Summer. In addition to
the readily obtainable female spawners and long breeding
season, this species possesses a fast growth rate
in sub-tropical water of Hong Kong. Thus this species
is a suitable candidate in commercial shrimp farms.
Despite the aquacultur_al techniques, knowledge of
biology, morphometric characteristic, the actual
growth of this species is.little understood. This
6chapter will emphasize certain aspects of the
biology of this species so as to lay down the
fundamental basis for successful cultivation in
the future.
This study includes internal and external biological
characters, the relationship of some morphometric
characters, such as the carapace length (CL), body
length (BL) and total length (TL) of sand shrimp
from the wild caught and laboratory reared samples.
72.2 MATERIALS AND METHODS
The adult morphological and anatomical studies were
carried using live shrimps from sea-food markets
(.Fig. 2.3). The result is based on the observation
and. dissection of 100 adults shrimps of both sex.
Juveniles M. ensis were obtained from cultured pond
reared in the Marine Science Laboratory. The monthly
sampling of gravid was taken which aimed to obtain
gonad development in relation to the spawning season.
In viewing the morphometric characters, the standardized
measurements of the carapace length, body length






Fig. 2.1 To show the standardized measurements of
carapace length, total length and body
length of a generalized shrimp
8The gonad index is calculated as follows:-
Weight of ovary
G I X 100%
Total weight of female
This value is obtained from monthly sampling of
female brought from Lei Yue Mun fishery market. The
ovary of female is dissected and the weight measures




















Generic- Genus Metapenaeus Wood-Mason,
in Wood-Mason and Alcock, 1891,
Ann. Mag. nat. Hist., (6) 8:271.
Type species by original
designation: Penaeus affinis
H. Milne. Edwards, 1837.
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The following characters
distinguish it from other
genera of the Penaeinae.
Rostrum with dorsal teeth only.
Carapace without longitudinal
or transverse sutures or lateral
carina. Dorsal carina on
4th- 6th abdominal segments,
lateral carina on 6th
segment discontinuous and
inconspicuous. Telson grooved,
not trifid. No expod on 3rd
maxilliped or 5th pereiopod.
Specific- Body covered with stiff, very
short tomentum. Rostrum straight,
uptilted, reaching nearly to
tip of antennular peduncle
armed dorsally with 6 to 10
teeth. Adrostral groove continued
to basal part of rostrum
(Fig. 2.2). Post-rostral carina
well defined and continued
almost to posterior margin of
carapace. No median groove.
Anterolateral angles of carapace
broadly rounded off. Very
small post-ortital spine.
Postantennular spine strong,
produced as ridge to base of
small hepatic spine. Whole
carapace covered with small
hairs. The brachio-cardiac
groove ill-defined, but carina
distinct. Upper antennular
flagellum slightly longer than
lower. Third maxillipeds barely
reach middle of antennal scale.
No exopods on 5th legs.
Petasma symmetrical, consists
of 2 rigid segments tightly
folded longitudinally and forming
compressed tube. Thelycum
bounded anteriorly by a median
projection and laterally by
concave plates. The anterior
process of median project embedded
in expanded coxal project of
fourth pereiopods. The whole
thelycum assuming a cup-shaped
appearance (Fig. 2.5). The
body is semitransparent, closely
covered with small red
chromatophores. First two legs
colorless, last three pairs.
12
pairs with numerous chromatophores.
The uropods tipped red.
2.3.1.2 Nomenclature
2.3.1.2.1 Valid scientific name:




2.3.1.2.4 Common name in Hong Kong:
Sand shrimp
2.3.1.3 General variability
No subspecies and varieties are known
for this species.
2.3.2 Distribution
M. ensis is recorded from Indonesia, Australia, South
China Sea, Shanghai, Taiwan and as far as Japan in
the eastern limit (Racek and Tall, 1965). Juveniles
are fount? in the estuaries and brackish water in
Kei Wei of Nam Tau (Shumchun, China). Adults occur
in ocean, usually in shallow water above 50 meters.
No information on eggs and early larvae of this species.
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Tate mvsis and postlarval stage migrate into
estuaries and brackish water. Large occurance
of juveniles found along the coast of Southern
China.
2.3.3 Biomass and life.history
2.3.3.1 Reproduction
2.3.1.1 The species is heterosexual
2.3.1.2 Maturity (age and size)
No maturity studies have been
carried out on this species.
From the laboratory studies,
sexual differentiation begin
when the juveniles attained the
size of 22mm. Based on gravid
female obtained from fishery
markets, the mature female
range 100 mm to 175 mm while
mature male measures 75- 125 mm.
2.3.1.3 Fertilization
Copulation is necessary before
breeding. The female receives
the sperm from petasma of male and
stores them in thelycum. Fertili-
zation is external, taking place
at time of spawning.
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2.3.1.4 Spawning
No information on spawning in
natural environment was reecor_ded.
Laboratory spawning experiment
found that spawning time lie
between 2100h to 0300h in next
morning. In Hong Kong, the
spawning season of this species
last from April to October with
a peak in August and September.
In some occasions, gravid females
may be caught in Winter season
(i.e. January). From study of
gonad index (Table 3.17),a
peak spawning time was recorded.
2..1.5 Spawning ground
From reports of shrimp trawler,
gravid females are mostly
caught along the coast of
Fujian and as far as Shanghai
(Fig. 2.6). Presence of the
gravid females in this area
may suggest the possible spawning
grounds in these area.
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2.3.3.2 Larval history
2.3.3.2.1. M. ensis larvae, like other
penaeidae, have to pass
several stages before becoming
adults. These are nauplius,
zoea,mysis and postlarva.
Molting is necessary between
each larval stages. Details
of larval history from laboratory
will be discussed in Chapter 3.
2.3.3.3 Adult history
No tagging experiment has yet been done on
M. ensis. However, maximum life span of
laboratory reared M. ensis in the Marine Lab-
oratory was 25 months. Wild M ensis
spend most of the life cycle in the shallow
water (below 50 meters) off the coast in
the ocean. Only during spawning season,
the females will migrate shore-ward. In
addition, mature males may also follows
the females for copulation. After spawning
the shrimps will migrate back to the
deeper water'.
2.3.3.4 Sex.ratio
Based on the juveniles (30 mm) from
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laboratory reared M. ensis, a higher
percentage of females was recorded.
The percentage of females is 57.4
(from 400 juveniles).
2.3.3.5 Internal-anatomical study
The visceral masses of shrimp is mainly
located in the cephalothorax while the
muscular system is highly developed in
the abdomen.
a. Digestive system
The digestive system include:
1) the mouth opens at the ventral
side which is partly covered by
the mandible 2) the short tubular
esophagus 3) the enlarge stomach
4) the mid-gut 5) the slender
intestine (hind-gut) running dorsally
along the abdomen 6) the anus at
the posterior end and 7) two large
hepatopancreas in the anterior
cephalothorax.
Food is brought into the mouth by the
mouth part organs. The mandibles tear
and crushed the food to small size
and then pass through the esophagus
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to the cardiac chamber from the
mouth. The food particles are further
degraded in size in the stomach.
After filtering through from the
stomach, it will pass into the mid-gut
and hind-gut for digestion and
absorption. In the mid-gut, a
pair of hepatopancreas which is
functioned to secrete digestive
enzymes, store glycogen, fat and
calcium. Undigested food pass the
hind-gut and finally ejected out
of the anus.
b. Respiratory system
The respiratory organ of shrimps is
the gill. It is located along both sides
of the cephalothorax in a gill chamber.
According to the located position, four
types of gills are differentiated.
i) Pleurobranchia: attached to the
body wall near the proximal edge
of basal part appendages.
ii) Arthrobranchia: attached to the
membranes joining appendages to
thorax.
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iii) Podobranchia: attached to
coxopodites of the appendages.
iv) Mastigobranchia: attached to the
coxopodites of the appendages.
The gills are slender and fragile.
Each consists of an axis with numerous
filaments. Gill arteries (afferent
and efferent)which run along the gill
axis and finally to the gill filament
to form capallaries. The scaphognathite
of the second maxilla moves back and
forth to create a current, oxygen is then
dissolved into the gill filament by
diffusion.
C. Circulatory system
Like other penaeidaes, the circulatory
system of M. ensis is open. It include
the heart, sinuses and blood vessels.
The yellowish heart is located
dorsally in the posterior part of
cephalothorax (Fig. 2.4).* It is muscular
and possess four pairs of ostia. Two
pairs are found dorsally, one pair, is
found dorsolaterally and the other is
found ventrolaterally. Seven arteries
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are found. These arteries will run
into finer capillaries. The blood
of N. ensis is colorless which contain
hemocyanin as respiratory pigment.
The blood finally flows into open
spaces or sinuses between organs.
in the gill, blood from the sinuses
pass in the afferent artery leading
to gill filament where gaseous
exchange take place. Oxygenated blood
will returns from the efferent artery
and back to pericardial sinus. Blood
eventually enters heart through
the ostia
d. Reproductive system
Sexes are separate in Penaeidae. Paired
ovaries are found dorsally in the cardiac
region of the stomach and extend to
the telson (Fig. 2.4). It is symmetrical
and partly fused. The anterior
part may reach the esophagus along
with the lateral sides or reach even
near the supra-orbital organ. An
oviduct is-found at each side of the
anterior lobe. The duct connects to an
opening at the basopodite of the
third pereiopod.
20
The male reproductive :system consisted
of paired testes, pa:i..lred vasa defererltia,
spermatophore and petasrrma (Fig. 2.5). It
is located in position similar to female
orgjn. Mature testis is white in color.
The posterior lobe of which give rise
to a vas de.ferens. The terminal end of
the vas deferens will develop into-
a-terminal ampoule where the spermatopho_re
develops. Finally the vas deferens opens
to exterior through the genetial pore
located at the coxa€ of the 5th pereiopod.
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2.4 DISCUSSION
Table 2.1 give a modified and specific key to distinguish
between M. ensis and M. monoceros. In viewing of the
mis-identification of M. ensis and M. monoceros by
many shrimp workers, the criteria for comparison of
this two species are tabulated in Table 2.1.
Fig. 2.5 show the structural difference of the male
and. female reproductive organs. The carapace of
both species possess'a straight rostrum with the
upper rostral teeth 6- 9 and 0 at the lower rostrum.
The female can be distinguished because
the structural differenc.e is quite obvious in the
thelycum.
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Table 2.1 Specific key for M. ensis and M. monoceros
1 Rostrum without ventral teeth
2
Rostrum with ventral teeth
Penaeus
2
No distal fixed pair of spines on telson, lateral mobile
spine may be present
3
Fixed number of distal spine on telson Crangon
3.
No exopod on 5th pereiopod
Metapenaeus.. 4
Exopod on 5th pereiopod AlLheus
4.
Distomedian petasmal projections directed anteriorly,
lateral thelycal plate with raised lateral ridges, each
with a posterior inwardly covered triangle plate Metapenaeus
ensis
Lateral thelycal plates with salient and parallel

























Fig. 2.2 Metapenaeus ensis showing detail of external
structures: 1/ chela of pereiopod 2/ pereiopod
3/ antenna 4/ 3rd maxilliped 5/ 2nd maxilliped
6/ antennule scale 7/ antennule 8/ eye
9/ rostrum 10/ carapace 11/ intercalery sclerite
12/ abdominal carina 13/ 6th abdominal
14/ 5th pleopod 15/ telson 16/ urcpod 17/ hepatic
spine 18/ supraorbital spine 19/ epigastric
tooth 20/ adrostral carina 21/ cervical groove

















































Fig. 2 .4 The internal anatomy of M. ensi s female showing (1) the
digestive system grid the blood vascular System.
an: anus at :atrium hp: he•pato pa-ncre as irlt: inte s t.i le
d.b.v.:dorsal blood vessel mo:mouth st:sttnach.
(ii) the, reproductive system showing the cvaLy.





Fig. 2.5 Comparison of (i) carapace (ii) petasma and (iii)
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Fig. 2.6 Distribution of M. ensis in Hong Kong and nearby
sea-water ( M. ensis caught)
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3.1 INTRODUCTION
Though the husbandry of aquatic animals is an ancient art
in many regions of the world, its progression to
a science is an event of recent times. This has
occurred as a direct response to increasing demand
for food and technology's negative impact on wild
food supplies. Of the many marine aquatic organisms
selected for experimental culture, marine shrimps
have received a large share of the commercial sector's
attention by insatiable demand and high retail price.
Much of the marine shrimp culture has been conducted
in a scattered, inconstant and thus, non-transferable
manner. In addition, the complete domestication
of a biologically complex animal such as the marine
shrimp has proven to be a task requiring more than
a few years of research to complete. In recent years,
shrimp culture has stepped significantly forward
in managing the breeding technique, feed formulation,
maturation, selection of species etc. Many basic
problems concerning the controlled production of
shrimp remain unanswered. These questions are usually
addressed to two broad problem areas in shrimp aquaculture:
production of seed shrimp and production
of table shrimp. The difficulty in producing the
postlarva has been recognised since the early 1970's
as the obstacle providing the greatest hinderance
to progress in shrimp culture research (Cook and Murphy,
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1969). The art of producing postlarva is accomplished
in two phases. The initial phase involves sexual
maturation and spawning of the adult shrimp and is
commonly termed 'maturation'. The second phase of
seed shrimp production is concerned with nursery of the
fragile frysand is commonly termed the hatchery process.
Hatchery research also concentrated on the nutritional
needs of shrimp, and in addition has treated disease
and water quality problem (Mock and Murphy, 1970).
There are many reports of cultivated shrimp species.
These includes: P. japonicus (Hudinaga and Kittaka,
1975; Shigueno, 1975; Huang and Chenc, 1968), P.stylisastris
(Mock, 1980; Trimble, 1980), P.orientalis (Amoy group,
1977; Yellow Sea Group, 1979 Tseng and Cheng, 1981),
P. semi_sulcatus (Lee, 1970), P. monodon (Liao, 1969,
1970; Forster and Beard, 1974), Metapenaeus monoceros
(Liao, Huang and Katsutani, 1969). In Hong Kong,
Metap-enaeus ensis, P. orientalis, P. monodon, P. japonicus
are the most popular species in the local sea-food
market. Among these species, the M. ensis is especially
important. This is a euryhaline species found in
sub-tropical and tropical sea-water. The spawning
season of this species may last from March to October
(Tseng, 1978) and the rapid growth rate make this
species a suitable candidate for mariculture. Fig. 3.18
shows the general working procedure in a shrimp hatchery
(Tseng, 1981). In the primary stage, all the larvae
are cultivated in fibre-glass breeding tanks. Different
types of foods are required in different larval stages.
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The nauplius can maintain its life without feeding
by utilization of yolk remains. The nauplius metamorphoses
into the zoea, and feeding is necessary in this stage.
Mixed species of diatoms including Skeletonema costadatum
and Chaetoceros sp. are most commonly used.
Depending on the shrimp cultivated, Artemia saliha (3-5
nauplius per ml) is added at the second mysis or
the third mysis stage. After the third mysis,the
postlarval stage is reached. These postlarvae can be
released into cultured ponds for future cultivation.
In this chapter, the artificial propagation experiment
of M. ensis has been carried. The relationship of
i) body-weight to total eggs spawned, ii) ovary-weight
to total eggs spawned was studied. In addition,
the larval survival rate in different culture densities
was compared. Temperature is one of the most important
growth factors of marine invertebrates (Kinnes, 1970).
The early embryonic development of fertilized eggs
is retarded or even stopped when the temperature
below certain limit. Elevation of temperature above
upper limit, however, may cause detrimental effects.
Thus in the second part of this chapter, the effect
of temperature on larval development and hatching
was studied. It is a common practice in shrimp culture
farms to use ethylenediaminetetraacetic acid (EDTA)
as an chelating agent to remove heavy metal cations
(Cook, 1967; Yellow Sea Group, 1979). Many workers
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has reported that increasedhatching and survival
of shrimp larvae resulted from addition of EDTA to
the polluted sea-water (Davey, 1973). The effector
EDTA on M. ensis was thus investigated. In the final
part of this chapter, actual pond culture experiment has
been performed. 'The growth of M. ensis in concrete pond of
Marine Science Laboratory was studied :its morohnmetric
characters of body-weight, carapace length, total
length and body length has been related.
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3.2 MATERIALS AND METS
3.2.1 Breeding, spawning and hatching
About 22 gravid females were purchased from Lei
Yue Mun sea-food market. For the selection of
suitable females, the shrimps were examined.
individually. A degree of thick dark contour of flesh
in the dorsal side of the intestine indicated maturation.
These shrimps were carried back to the Marine
Science Laboratory within an hour. After arrival
at the hatchery laboratory, the shrimps were
transferred to individual fibre-glass breeding
tanks of volume 0.5 tonne. Before the transfer,
the total length (TL), body length (BL), carapace
length(CL) and fresh weight was recorded. The
tank contains previously filtered sea-water
of salinity each 30°/00. The temperature and
dissolved oxygen were maintained at 28-30°C
and 7.5-8.0 pppm respectively, and covered by a
black cloth to exclude light and disturbances.
From 2000h, individual spawning time for each
tank was recorded at intervals of 15 minutes.
Observation of the spawning was by sampling
of water from the tanks. Since the eggs are
large enough to be seen easily, spawning can
be observed instantly from the water sample.
The total number of eggs spawned also estimated
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and to obtain an accurate estimation, the aeration
of the tanks was greatly increased so as to
disperse the eggs uniformly throughout the
water mass. A sample of 200 ml water was
taken randomly from the tanks and the eggs
were counted after sedimentation. The total
number of eggs in the tanks was then estimated
from this sample. The final procedure was
to obtain the fresh weight of the shrimp after
spawning.
The released eggs were collected. Four 0.5
tonne fibre-glass tanks were prepared separately.
The eggs were then released to these tanks
to make up different densities. The developing
stages and the survival rate in each stage was
estimated at different time interval. The
water conditioroincluding the dissolved oxygen,
ammonium, water temperature, pH and salinity
were monitoried. Water was changed whenever
necessary.
3.2.2 Effect of temperature
Temperature is one of the most important growth
factors of marine organisms !innae 1970).
The early embryonic development of fertilized
eggs is delayed or even stopped when the temperature
is below a certain limit.
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To investi.gage the effect of temperature, about
1000 fertilized eggs were collected from a
single spawner. These eggs were put into
rectangular tanks (40 x 30 x 20 cm3) containing
water of different temperatures (14, 18, 20, 24,
28, 30, 32, 34, 36 and 380C). The whole set
was triplicated.. The hatching rate and the
time required for hatching was recorded.
The larvae in these tanks were used also for
the studies of larval development.
3.2.3 Effect of EDTA
The eggs and the larvae were obtained from
a single gravid female. After the spawning,
the eggs were collected and washed thoroughly
with UV-light treated sea-water. Before conducting
the experiment, artificial sea-water (manufactured
by Timex) was previously prepared (at 33°/00),
aerated and allowed to stand. for 24 hours
prior to the experiment.
1. Effect on.spawning
Hatching rate was recorded by adding the collected
eggs to 1000 ml beakers containing i) actual
sea-water at 33°/00, ii) artificial sea-water
at 33°/00/ iii) artificial sea-water
with EDTA at the concentrations of 2.5,
5.0, 10.0, 12.5, 15.0, 17.5 and 20.0 mg/l.
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The whole set was triplicated, provided
with aeration and arranged randomly in
the laboratory at 280 C. The hatching
rate was obtained 18 hours after spawning.
IT. Effect. on larval growth
The first zoea was collected from a population
which had hatched from one spawner. About
500 zoea were put into the beakers with
a volume of 500 ml contained the pre-determined
water condition as mentioned in I. The
whole set was triplicated. The growth
and metamorphosis was recorded daily until
the end of the third mysis stage. Growth
measured in terms of the developmental
stages was recorded daily by taking two
batches of 10 larvae from each treatments.
The larvae were examined under the microscope
and identified by the growth index of
theenaeid larvae (Villeqas, 1979).
3.2.4 Pond-.Culture
The growth of M. ensis,ire pond culture has
not been fully studied. In this experiement,
culture of-larvae in the concrete pond was
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conducted so as to study the growth of shrimps
in association with variation of temperature,
salinity, pH, dissolved oxygen,ammonium concentration
etc. This experiment was conducted in the
outdoor concrete ponds of the Marine Science
Laboratory. The lay-out of the construction
is shown in Fig. 3.19.
About one week before the introduction of
the larvae, preliminary treatment of the ponds
is required. The water was first drained
and the pond was exposed to sunlight for about
two days. The purpose of this is to eradicate
all the possible predatory organism and bacteria
remaining in the ponds. After this treatment,
water was filtered through a 50 mesh plankton
net until the water level reached the 0.8 m
mark. Chemical fertilizer was added. The
formula is given below.
Fertilizers Conc.
Na2HPO3 25 mg/litre
K2SiO3 12.5 mg /1itre
Fe2(SO4)3 2.5 mg/litre
10.0 mg./litreEDTA
Within several days, mixed species of diatoms
proliferated. The culture contained dominant
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forms were Skeletonema costatum, Chaetoceros
sp. and. Nitzschia sp. etc. Finally the larvae
at N5- N6 stages were introduced separately
into ponds no. 13 and no. 14 of the Marine
Science Laboratory.
By the time these nauplius metamorphosed to
the zoea, the diatoms provided satisfactory
food. Depending on the water conditions,
chemical fertilizers can be added if the diatom
population drops. The later larviculture followed the
procedure as given in Fig. 3.18. Throughout
the period, the density, population, salinity,




3.3.1 Spawning, hatching and growth of the larva
The total length (TL), carapace length (CL),
body length (BL) and the body weight before
and after spawning is shown in Table 3.1
Most of the gravid females spawned in the
first night. In general, the gravid females will
not spawn on the following night if they had not
spawned'on the first night. The spawning times
were between 2100h to 0300h. The female released
its eggs while swimming laterally in the bottom
of the tank. Spawning was completed within
one hour and most of the eggs discharged in
a single spawn. During spawning, follicular
tissue surrounding the eggs in the ovary was
also discharged. The aeration and agitation
produced a foamy and gelatinous substance on
the surface of the water, these. substance
should be removed in order to have better
hatching rate. Depending on the condition,
fecundity and the weight of the ovary, the
number of eggs discharged varied greatly.
In this experiment, it varies from 0.8x105 to
5.75x105 (Table 3.1). -The relationship-of
body weight to the estimated total number
of eggs and the relationship of body weight
to the total number of eggs spawned is compared.
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Spawning continued for about one hour and
fertilization started immediately. In a few
minutes, cleavage started. Various stages
of cleavage, namely: 2-cell stage, 4-cell stage,
8-cell stage, 16-cell stage etc can be seen
at different time intervals. Depending on
conditions such as temperature, the eggs will
hatch into nauplius in 12-14 hours after
fertilization. In my experiment, the hatching
rate varied between 50-90%. The highest hatching
frequency recorded was 80-90%.
From the estimation of egg number: ovary
weight and egg number: body weight relationship
by linear regression, the following equation
was obtained:-
i) egg number= (2.88+ 0.111 body weight)
ii) egg number= (1.99+ 0.0539 ovary weight)
As shown in Fig..3.1 and Fig. 3.2 the correlation
coefficient is r= 0.481 and r= 0.780 respectively.
Both values shows a significant correlation
at the P<0.05 level. It is sufficient to say
that the body weight and ovary weight has some
r = 0.6814
r = 0.7812
relations Ihip 'with the total eggs spawned. In
general, a higher body and ovary weight usually
produced more eggs. However, as the r-value
of the ovary weight to the egg number is greater,
the ovary weight can be considered as the
more significant value in determining and
estimating the total egg spawned.
Tables3.2- 3.5 show the records of shrimp
larva in culture tanks of different larval
density, other conditions of temperature,
stages, food types and water were also recorded.
The summarized result is shown in Table 3.6.
Larva reared in tank III show a highest survival
rate (40%) and only 11 days required to develop
to postlarva stage. Larvae. reared in tank I
have a minimum survival mate (11%) and requred
12 days for complete development to the postlarva
stage.
For all Tank I to Tank IV, the water quality
is quite steady. The maximum ammonium concentration
is 0.03 mg/1 which is below the tolerant limit
of the most marine invertebrates(Wickin, 1976).
Fig. 3.3 show the size of the larva in the
end of each larval stage. It is a general
characteristic that the nauplius of the crustaceans
has small body length. When the N1 develcped
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into ?l, a great increase in length is found.
The large increase is attributed. to the elongation
of the post-naupliar region forming the abdomen.
From the zoea onwards, the larvae increase
in length steadily after passing several molts.
3.3.2 Effects of .temperature
The duration and hatching rate of eggs in
different temperatures was shown in Table 3.7.
The lower temperature limit for hatching is
14°C and the upper limit is at 36°C. Below
the upper limit, i.e. at 36°C, the embryos
develop in faster and require only 10-11 hours
for hatching. At the minimum temperature (i.e.
15°C), embryo development is slow, and hatching
was found after 50 hours,'but hatching started when
the eggs were kept at 28°C.
Table 3.8 shows the time required for M ensis
to develop to the postlarval stage.z At the
lower limit, i.e., 14°C the larval growth is extremely
slow (over 550 hours or 23 days). At highest
temperature, i.e. 36°C, larval growth is faster
(about 10 days).
1.1.1 Effect. of EDTA
The hatching rate ranged from 73-83% for the
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eggs out in artificial sea-water containing
EDTA. As shown in Fig. 3.4 variation of the
rate is small when the eggs are put into sea-water
of 0-20'mg/1. However, the hatching rate
is low in natural sea-water without EDTA.
When the EDTA concentration increased, the
hatching rate gradually increased. In this
experiment, the maximum hatching rate lies
at the range of 12.5-17.5 mg/l for M. ensis
larva above 17.5 mg/1, the hatching rate is
unaffected. Comparatively, the hatching rate
of chemically treated water is similar to
the EDTA treated artific seat water at 12.5-
17.5 mg/1. However, the rate is reduced in
natural sea-water when EDTA concentration
is lowered (Fig. 3.4). Some-of the larvae
reared in the natural sea-water with low EDTA
concentration may develop abnormally. Abnormal
development such as constriction of abdomen,
incomplete development of furcal spine is
found occasionally.
The development of the larval stages of M. ensis
in the EDTA treated sea-water also varies
with concentration. Table 3.9 to 3.11 shows
the survival rate of the nauplius developing
to the zoea larva, mysis and postlarva respectively.
The results showed the survival rate is low
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when the EDTA concentration of natural
sea-water is low for all three larval stages.
From the growth study of the effect of EDTA
on the M. ensis larva, the F-values indicate
the growth of the larva reared in EDTA-treated
artificial sea-water is significantly
greater (at P0.01 level) than the EDTA-treated
natural sea-water Moreover, the duration
is also shorter (1 day) for the larvae to
develop to P1 in the EDTA-treated artificial
sea-water (Table 3.12).
3.3.4 Pond-Culture
The early growth of M. ensis in pond no. 13
and 14 has been shown (Table 3.13 and 3.14),
but due to the loss of juveniles caused
by Typhoon Ellen in pond 14, results
for the growth of juveniles in pond 13 only
is available for the complete experimental
period. The mean body weight at the started
(0.145 gm) and at the end (8.711 gm) showed
an increase of 60 folds. While the mean
body length at the start (0.321 cm)
and at the end (8.63 cm) showed an increase
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27 folds. Variation of' body length
and mean body weight also increasesas the
experimental period increased (Table 3.15).
During the experimental period, variation
of salinity was small. Occasionally, salinity
dropped suddenly after heavy rainfall. Temperature
in the Summer months was high (maximum 30°C)
and low in the Winter (minimum 13°C). As
indicated from the slope (Fig. 3. 5), the body
weight and body length reached its maximum
in the early juveniles growth period.
3.3.4 Results
There are several models for the growth of
shrimps two models will be considered here.
The first model is the relative growth model,
while a second is the length-weight relationship.
They are represent as:-
Model 1: L= a+ b Where L and 1 are the
total length and carapace
length respectively
Model 2: L= a+ bW Where L and W are the
length and the body
weight respectively
From the model 1, the shrimps investigated are
divided into.two groups. The small-sized
groups with the body weight 3 gm.and the
.large-size group with the body weight 9-14 gm.
The results of this model is shown below.
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TL-CL model : Large size group
The slopes change from 0.28 to 0.18 and 0.206 in
the male and female respectively. This indicates
a more rapid growth of the total length in
small-sized group than the large-sized shrimps.
For the large-sized group, the female slope
is deeper and the rate of increase in the
total length is high. Correlation coefficient
indicates the model has a highly significant
value for the large-sized groups.
Two different relationship were obtained for
the length-weight growth model of N ensis.
Namely, the linear and logarithmic relationship.
The linear relationship will be discussed.
The length-weight relationship is further
characterized by two different growth phases.
The small size group (3 gm) and the large
size (8 gm). Thus there are three linear
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length-weight relationshiops.
i) Rpstrum length-body weight
The graphical analysis of the TL-BW
relationship is shown in Fig. 3.6-3.8
and the linear eguation is shown
in follow:
Large size female : RL=1.08 +0.05BW
r=0.754
n=32
Large size male : RL= 0.62+0.09BW
r=0.924
n=32
Small size shrimp : RL= 0.86=+0.25BW
r=0.595
n=36
Linear relationship for the small-sized
group is not divided into two sex
groups as the sexual differentiation
is difficuit to ascertain. The small-sized
group show a relatively faster growth
in rostrum and body weight as the slope
is steeper. Correlation relatrion (i.e.
r-values ) indicates low level of allometry
of RL-BW relation although all r-values
are significant at P=0.05level. The
relative growth of the rostrum length
decrease for the large size group. The
r-values also indicate a low level of
allometry in both sexes.
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ii) Carapacc length - body weight
Fig. 3.9-3.11 show the CL-BW relationship
of small size and large size group and
the following linear relationship were
obtained:
Large size female: CL=0.83+1.30BW
r=0.766
n=34
Large size male: CL=0.45+1.56BW
r=0.843
n=35
Small size shrimp: CL=0.755+0.21BW
r=0.631
n=60
Unlike the RL-BW relationship,increment of
CL is relatively small as the slope is
less steep. Similar to the RL-BW,the
small size group has a small r-value.
The large size group increase their body
length and body weight more rapidly than
the small size group. The r-values also
show that higher level of allometry exists
among large group.
iii)Body length-body weight





Large size male : BL = 0.39 + 0.43BW
r = 0.593
n = 34
Small size shrimp: BL = 0.42 + 0.57BW
r = 0.674
n = 55
Graphical analysis of linear relation
is shown in Figs.3.12 to 3.14. The small
size group increase the body length more
rapidly than the large size group. Among
the large shrimps, the male shrimp has
a low level of allometry.
iv) Total length - Body weight
Linear relationship is shown in Fig. 3.15
to 3.17 and linear equations are shown
below:
Lage size female : TL = 0.60 + 0.511BW
r = 0.762
n = 32
Large size male : TL = 0.53 + 0.56BW
r = 0.897
n = 33
Small size shrimp: TL = 0.405 + 1.60BW
r = 0.824
n = 58
The r-values of the TL-BW is large for
the small size and large size group.
Thus high level of allometry was shown
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in M. ensis. Growth of the small shrimp
is faster than the large shrimps as indicated
by the steeper slope . As growth continues,
the large group increases its body weight
much faster than its total length.
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3.4 DISCUSSION
Successful artificial propagation of shrimps depends
mainly on a continual supply of gravid females, increased
knowledge and improved techniques of larviculture,
increased growth rate by application of artificial
diets or natural foods etc. In the present study,
all of the spawners were obtained from wild-caught
females purchased from local fishermen, and this
source is quite unreliable. The ultimate goal, therefore,
to produce gravid females under laboratory controlled
conditions. For M. ensis, the wild-caught females
show a large gonad index in June and October (Table
3.17). However, the actual reproductive biology
of the spawners in the nursery ground is not clear
because wild-caught spawner with good contour of
gonad development can be obtained from local market
in other months of the year. Thus, the actual reproductive
period of this species is still unknown. Selection
of the spawners therefore constitutes one of the
most important aspects in the preliminary stage of
shrimp culture. Similar to Penaeus semisulcatus
(Cheng, 1981), P. monodon(Liao and Huang. 1969),
P. aztecus and P. stylirostris (Brown et al, 1980)
and other species, selection of gravid females of
M. ensis is based on the well defined dark contour
of the ovary (Fig. 3.20). In nature, most of the
penaeids mate and spawn at sea. Copulation between
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males and females normally takes place following
each molt of the female. The sperms are encapsulated
in spermatophores and inserted by the male into a
special seminal receptacle of the female. This may
occur at any time of each year and the unused
spermatophores being rejected with the shell at the next
molt. A supply of sperm is thereby available to
the female when spawning occurs. During spawning,
the seminal receptacle released the sperms and fertilization
occurs as the eggs are discharged. Unlike most other
penaeids, the M. ensis release the eggs once and
for all.
There are many factors controlling the hatching rate
of Penaeidae. For example, the conditions of spawners,
temperature, salinity etc. In the larviculture of
M. ensis, there are two critical periodsduring which
high mortality may occur in these periods. These
are the transition between nauplius (N6) to zoea (Z1),
and zoea (Z3) to mysis (M1). These periods are
associated with the changing diets of the larva.
Temperature can be considered as an important single
environment factor controlling the growth rate and
developmental rate of marine invertebrates. As an
ectothermic species, the body temperature of M. ensis
larva change with external environment. In general,
an increase in surrounding temperature accelerates
52
the grow and development rate. The physiological
response of the juveniles will be discussed in Chapter 5.
It has been found that the hatching rate of the Penaediae
shrimp is significantly increased when the sea-water
contains ethylenediaminetetraacetic acid (EDTA).
Addition of EDTA is also a common practice in the
aquaculture of many other marine organisms (Lawrence, 1981;
Cook, 1967). However, the reason and the explanation of
the effect have not been fully revealed. Apart from
the hatching rate, the growth of the larvae also
increased after treatment with this chemical. Without
the EDTA, metamorphosis is abnormal and delayed. It
has been mentioned that addition of EDTA can act
as a chelating agent to reduce the toxicity of heavy
metals such as copper, zinc, etc (Davey, 1973; Sunder
and Guillard, 1976). In larval rearing, EDTA is
also added in the algal culture, and this can increase
the larval growth (Simon, 1978). In order to increase
the yield of the shrimp frys in commercial culture
farms, EDTA is used extensively in the hatchery process.
However, the effective concentration may vary. Usually,
it lie in the range 10-20 mg/1, but it is subjected
to changes in different water types with different
species.
In the local situation pollution is a serious problem
that limits the development and growth of marine
invertebrates. Due to the increased population around
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Tolo Harbour (Wong et al, 1980) sewage has increased
the heavy metal content of the sea-water, and it
has become a general practice to add EDTA to the
sea-water. The ability of the EDTA to reduce the
toxicity of heavy metals is especially important
to the larva. To act as a. chelating agent, the
EDTA on the heavy metallics as follows:
Table 3.18 shows the stability constant for the metallic-
ations. Addition of EDTA can reduce the toxicity
of metals in the decreasing order from Hg to Na.
54
The actual growth of M. ensis in the natural environment
is still uninvestigated. The growth rate in pond cultured,
however, is influenced by environmental factor, culture
conditions and the use of suitable diets. Temperature is
one of the most important factors controlling the growth
of the shrimps. Other factors, such as salinity and. pH
may have their effects on the survival or development rather
than growth. M. ensis requires a heterogeneous culture
habitat due to 'cannibalism' by this species, a sandy bottom
is preferable for the juveniles. This enables the molting
shrimps to escape cannibalism after they ilave newly molted.
All culture farms have noticed that the shrimps' activity
midday is r.stricted. probably because of a rise in water
temperature. Furthermore, aeration should be applied
strongly and continuously at midday. In general, feeding
of shrimps should be done twice daily: in the morning and
in the evening. However, some workers(Liao, 1977) also
found that. Penaeus monodon grow rapidly if they are fed
twice daily with intervening starving. The growth of M. ensis
is rather faster in the Summer when the temperature is higher,
and the shrimps may reach 6-7 cm in 2-3 months. The nutrient
requirements of this species are not fully known. It is
found that a higher protein content is necessary for the
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Fig 3.1 The relationship between the number of eggs
spawned and the body weight of the gravid
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Fig 3.2 The relationship between the number of eggs
spawned and the ovary weight of the gravid
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Fig 3.3 Total length of different larval stages of M ensis
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Fig. 3.4 Effect of EDTA added to (i) artificial sea-water and (ii)
natural sea-water on the hatching rate of M. ensis.






























Fig. 3.5 The growth of M. ensis and the rilated parameters in
Pond no. 13 of the Marine Science Laboratory, CUHK














Fig. 3.6 Relationship between rostrum length (RL) and









RL = 1.08 +0.05BW
r = 0.754
n=32
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Fig. 3.7 Relationship between rostrum length (RL) and














Fig. 3.8 Relationship between rostrum length (RL) and
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Fig. 3.9 Relationship between carapace length (CL) and body
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Fig. 3.10 Relationship between carapace length (CL) and body












Fig. 3.11 Relationship between carapace length (CL) and body











Fig. 3.12 Relationship between body length (BL) and body
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Fig. 3.13 Relationship between the body length (BL) and body







BL = 2.842 + 0.36BW
r = 0.732
n = 36
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Fig. 3.14 Relationship between body length (BL) and body






TL =0.405 + 1.604BW
r = 0.824
n = 58
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Fig. 3.15 Relationship between the total length (TL) and







TL = 0.60+ 0511BW
r = 0.762
n = 32
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Fig. 3.16 Relationship between the total length (TL and body







TL = 0 53+0 56BW
r = 0.897
n = 33
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Fig. 3.17 Relationship between the total length (TL) and body
weight of large-sized male of M. ensis
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SPAWNERS
Food required Spawning Times required




ZI- Z3ZOEA 42 4 6 hours3. Unicellular
algae











Fig. 3.18 A working scheme for the artifical propagation
of commercial shrimps
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Fig. 3.19 The concrete ponds of Marine Science Laboratory of
Chinese University of Hong Kong
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2 3 4 5 6 7 8 9 10
Fig. 3.20 M. ensis, gravid female showing dark contour of ovary
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Table 3. 1.
Record of spawners of M. ensis in tank spawning experiment
Fresh wt. TL CL BL Ovary wt Eggs(105) Spawning time
38.5 16.5 6.3 14.2 2.10gm 22103.51
33.5 15.9 6.0 14.5 0.70 1.60 2350
36.5 16.5 6.4 14.0 1.20 2.40 2410
42.5 17.2 7.0 15.1 1.60 2.94 0130
24.0 14.2 5.7 13.2 1.49 2.20 0120
38.9 16.0 6.0 13.3 1.65 3.10 2130
42.7 16.0 6.4 13.7 1.77 2.54 2055
40.1 16.2 6.2 14.1 2.77 4.57 2430
40.2 16.6 6.5 14.7 2.66 3.93 2335
42.3 16.6 6.5 14.5 3.99 5.75 2250
40.6 15.0 6.5 14.7 2.40 1.99 2130
32.8 15.7 6.3 14.1 2.22 2. 13, 2243
39.3 17.2 6.6 14.9 1.47 2.63 2340
42.7 17.0 6.6 14.9 2.42 3.24 0230
37.2 15.5 6.2 13.9 1.70 2.97 0310
35.3 15.6 6.2 14.0 2.05 2.03 0120
31.0 16.0 6.3 14.4 1.03 0.80 0140
34.8 16.0 6.0 14.5 3.32 4.20 0210
37.8 16.4 6.4 14.7 1.87 2.98 2425
34.2 2.9416.0 5.9 13.9 2.77 2355
41.3 6.2 1.2816.3 14.2 2.53 2230
34.2 6.0 14.0 1.13 2.6115.7 2345
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Table 3.2
Record of shrimp larvae (M.ensis ) in culture tank of








































































































Record of shrimp larvae (M. ensis) in culture tank of






Diatoms Brine shrimns Water
(lxl03/ml) (N/ml) NH 4 (pp
1 spawn 25.0 28.3 31.4 0.002
2 EN1 24.3 27.5 32.5 0.007




19.7 29.2 31.2 3.5 0.023
5
Z1Z2




28.7 31.3 2.5 0.004




9.6 29.3 32.4 3 0.021
9
M1M2
8.8 27.8 31.6 3 0.026
10
M2M3































Record. of shrimp larva (Metapenaeus ensis) in culture
tanks of the Marine Science Laboratory
BrineTemperature (°C)
DiatomsNumbe

















Comparison of the density, developing time and the survival
rate of tank reared larvae of M. ensis
Time required for
Density at start each stage (days)
Tank (no. in 100 ml)
no. Z1 M1 P1




Number in parentheses indicates percentage survival rate at the end
of each larval stages in each tanks.
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Table 3.7
Effect of temperature of hatching rate of M. ensis:
the duration of the embryonic development



























Effects of EDTA on the percentage of M. ensis
nauplius that metamorphose to zoea












Each value represents mean ± S.D. for six replica
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Table 3.10
Effect of EDTA on the percentage of M. ensis zoea that
metamorphose to mysis












Each value represents mean ± S.D. for six replicates
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Table 3.11
Effect of FDTA on the percentage of M. ensis mysis that
metamorphose to post-larva












Each value represents mean ± S.D. for six replicates
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Table 3.12
Mean growth (absolute value) and F-values of M. ensis larva

















F 4 (0.01)= 21.20
Significant at P 0.05
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Table 3.13
Record of Metapenaeus ensis reared in the concrete pond




0900 1500 Conditions(1x103/ml) Shrimp(1x104)
28.3 0.0831.21* Spawr 52.3
28.9 32.0 0.142 EN1
N5N6 0.0951.1 28.0 32.03**
0.122.528.037.8 31.54
Z1
2.5 0.1429.3 31.835.65 Z1Z2
2 0.062.529.5 31.033.8Z2Z36
3.0 2 0.1328.6 30.729.77
z 3
2 0.0631.028.5 3.08 Ml
2 0.0827.5 31.525.6 3.5M1M29
30.6 2 0.0727.525.4 2.5M210
31.0 0.0928.2 222.3 2.5M311
32.0 0.09228.520.3 2.5P112
The eggs were incubated in the fabric glass culture
tank placed above the culture pond.
The nauplius are released into the pond I at day three.
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Table 3.14
Record of M. ensis larva reared in the concrete pond
(pond 14) of the Marine Science Laboratory
Temperature (°C)
WaterNumber
















The eggs were incubated in the fibric glass tank
placed above the culture pond




Mean body weight and mean body length of shrimp (M. ensis)
cultured in the concrete pond 13
Mean body lengthMean body weight
Date
(cm±S.D. )(gm±S.D)
0.32 ±0.09 (52)21 May 0.15 ±0.08 (52)
3.82 ±0.65 (49)17 June 2.43 ±1.02 (45)
4.95 ±1.18 (50)22 July 4.81 ±1.54 (50)
7.85 ±1.53 (46)19 August 6.53 ±1.73 (46)
7.62 ±1.86 (40)18 September 7.82 ±3.46 (40)
8.14 ±1.84 (35)8.19 ±2.00 (35)20 October
8.62 ±3.06 (37)15 November 8.71 ±4.92 (37)
Number in parentheses indicates the sample size
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Table 3.16
Growth models for laboratory-reared M. ensis
Large size Small size
RL= 1.08+ 0.05BW RL= 0.86+ 0.25BWRL-BW()
r= 0.754 r= 0.595
n= 36n= 32
RL= 0.62= 0.09BtnRL-BW ( □)
r= 0.879
n= 32






BL= 0.42+ 0.57BWBL= 2.842+ 0.36BWBL-BW()
r= 0.674r= 0.732
n= 55n= 36
BL= 0.39+ 0.43 BWBL-BW (●)
r= 0.593
n= 34








Mean body weight +S.E., mean gonad weight +S.E. and the
gonod index of female M. ensis purchased from seafood market













N: number of shrimps sampled
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Table 3.18
The stability constant for metallic cations
Chelating power











In Hong Kong, a small scale successful artifical propagation
of M.ensis had been recorded in the Marine Science Laboratory,
T.he Chinese University of Hong Kong (Tseng and Cheng,1981).
Many aspects of the biology of this species can be studied
in the laboratory. The so-called shrimp frys can be produced
under laboratory controlled conditions. Production of
the shrimp frys can supply the commercial shrimp units
with cheap postlarvae and decrease the dependance of foreign
imported frys. Early larval development of other shrimps
has been studied (Hudinaga, 1942). However, the detailed
structural characteristics of the larval development has not
been fully work out for M.ensis. Similar to other penaeid
shrimps, the larvae of the sand shrimps can be divided into
nauplius, zoea (protozoea), m ysis,postlarvae and the juveniles.
The stages mentioned above can also be further divided into
substages. Division into the substage is mainly based on
the number of setae on tail, formation of the compound eyes,
formation of the abdomen, modifications of the appendages
and most of all, the molting process of larvae is the basic
criteria to distinguish the stages. In general, there are
5-6 nauplius stages, 3 zoea stages and 3 mysis stages in the
penaeid shrimps. Minor variation may occur in other species.
The objective of this chapter include detailed description
of the larval stages of M.ensis so as to lay down the fundamental
basis for further investigation of this species in local area,
and for commercial artifical propagation.
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4.2 MATERIALS AND METHODS
Gravid females were obtained from Lei Yue Mun fisheries rnarkeL
Hong Kong. These spawners had been caught by trawlers in
the South China Sea the previous night. One spawner was
placed individually into a 500 litres fibreglass tank.
Spawning usually took place between 2100 hours on the same
day and 0300 hours next morning. The eggs were collected
and washed thoroughly with UV-treated sea water. The eggs
were then put in a 30 litres plastic rectangular box under
controlled laboratory condition (27- 290C and 300/00).
The water was agitated by an air-stone. After 13- 15 hours,
the eggs hatched into a spider like nauplius. Sampling of
the eggs was done just after the shrimp had spawned.
Samples were taken to study the development of eggs in
every 15 minutes for the first two hours. Later sampling
took place every,half hour for the third to the sixth
hours and every hour thereafter until hatching. The eggs
collected preserved in 5% formalin solution for later
observation. At the same time, the embryonic development
of the shrimps was observed under the optical microscope.
After the eggs hatched into the nauplius, different stages
of the larvae were photographed with Nikon camera mounted
on the microscope.
The nauplius developed into zoea, without feeding, after
36- 40 hours. At the last molt of the nauplius (i.e.
from zoea I stage to mysis III stage) culture solution of
Isochrysis galbana at a concentration of 4000 cells/ml
was added. Live Artemia salina at a concetration of 3
nauplius/ml was added as food from the second mysis onward.
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Similar sampling and photography was done during every
stage. Description of the embryo and larva were made from
living and preserved material. Drawing of the larva was
helped by using a camera lucida and measurement of size
were taken with a micrometer eyepiece. The total length of
the larva is measured from the apical and the mid-caudal
spine for the nauplius. Total length was also measured
from the top of the rosturm, if present, to the mid-caudal
end of telson in zoea and mysis.
4.3 RESULTS
Embryonic development
The following is a record of an attempt of artificial
propagation of the sand shrimp, M.ensis.
Fertilization
The newly spawned eggs are not completely spherical
and measure from 0.24- 0.26 mm in diameter. After
absorption of water it attains spherical and the
size may increase to 0.27- 0.29 mm. The fertilization
membrane is formed after 10- 15 minutes. The
spermatozoa remain outside the jelly-like substance
that surround the egg. According to Hudinaga (1942),
a fertilization cone appeared as an elevated
process between the contact of spermatozoa and surface
of the egg. Only one of the spermatozoa penetrated
into the cytoplasm. Fusion of the two nuclei
completed the process of fertilization. The first
polar body appeared, followed by the formation of a
fertilization membrane. This fertilization membrane
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is spherical in shape. At this time, the egg
became more spherical in appearance. Simultaneously the
2nd polar body formed and the fertilized egg (Plate 1)
was then. ready for cleavage.
Cleavage
The first cleavage took place 30 minutes after
spawning. The first cleavage was vertical and passing
through an anteroposterior axis of the egg. However,
the second cleavage was at right angle to the first
plane. This resulted in four equal blastomere lay
side by side (Plate 2). Thus cleavage is holoblastic
and total. Cleavage may also occur in unfertilized
egg but the eggs can never develop into functional
embryo.
Successive divisions of the third, fourth and fifth
cleavage proceeded perpendicularly to the previous
division. However, the third, fourth and fifth
cleavage was of typical spiral cleavage. In such
sequence, the 8-cell stage forms (Plate 3 4).
After the 5th cleavage, a blastocoel is formed and
the embryo in this stage is called blastula (plate 5).
Gastula
About 1 hour 4 5 minutes after spawning, the embryo
became 64-cell stage and gastulation begin.
Invagination started from vegetal pole into the
blastocoel. When the embryo was at 128-cell stage, the
vegetal pole was clearly seen to invaginate into
the blastocoel. An obvious embryonic membrane surrou ds
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the embryo. Gastulation yea completed three hour
after spawning.
Formation of Appendages
The embryo proceeded to further development of the
external. larval form (Plate 6). The most distinctive
change was the formation of the naupliar limb buds.
The antennular, antennal and mandibular limb buds,
occupied most of the body length of the embryo
and lie on the two sides of the embryo.
Hatching
Before hatching, the motion of the embryonic nauplius can
be seen inside the fertilization membrane. The
furcal setae of the 1st and 2nd appendages pierce the
fertilization membrane and then the shell cast so that
the embryonic membrane could emerge (Plate 7).
The posterior part of the nauplius emerged first and
the whole body was slide out by the motion of the
appendages and pushing away of the fertilization
membr_ane(Plate 9,10).The newly hatched nauplius
was spider like and able to swim freely but
without direction (Fig. 4 .1).
The chronological of embryonic development and
size are summarized in Table 4.1.
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4.3.2. Larval development
Nauplius (Plate 9- 12)
The nauplius is divided into six substages,i.e. the
first nauplius to the sixth nauplius (N1- N6),
which is characterized by five molts. There are
three pairs of appendages in each of the naupliar
stages. The first antenna, second antenna and
the mandible. The size of the nauplius is ranged
from 0.28- 0.29 mm and the sixth nauplius from
0.39- 0.41 mm. Recognization of the substages is
mainly based on the number of setae on the
appendages and the number of furcal spines present.
The eggs hatch into the nauplius one (N1) 12- 14
hours after fertilization. The first nauplius is
oval in shape(Fig,4,1). It bears a pair of uniramous first
antennae, a pair of biramous second antennae and a
pair of biramous mandible. The first antennae
bears three terminal setae and 2- 3 lateral setae.
Anteriorly, an ocellus is present and a pair of
furcal spines present posteriorly. The setae in
the first nauplius are all naked without any spines.
The structure and morphology of the second
nauplius (Fig 4.2) is exactly the same as the first
nauplius except.that it is more slender. In
addition, all the setae from the appendages become
plumose.
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In the third nauplius (Fig 4. 3), the body is
cyclindical and bear three pairs of furcal spines:
two minutes pairs and one loner-
The fourth nauplius (Fig 4.4) becomes even more
slender. In addition, the ventral appendages, i.e.
the maxillae and maxilliped, become visible.
However, these appendages are embedded by the
cuticle of the exoskeleton. Four pairs of furcal
spines is found in the four nauplius.
The stage five nauplius become more slender and the
furcal spines increase to six pairs.
A summary and comparison of the size and the
external structure of nauplius is shown in
Table 4.2.
Zoea
After the sixth molt, the nauplius metamorphoses into
the zoea. It is also called protozoea stage.
This stage is further divided into three substages
(Z1- Z3) which are linked by two molts. The
body is greatly elongated and clearly divided
into two pairs: a head is covered by the carapace
and a well developed segmented abdomen. The
ocellus is still present in the zoea.
First zoea
The first zoea(Fig.4.7)measure 1.62- 1.75 mm, and
the body is elongated. The enlarged anterior part
100
is protected by a hard carapace (0.74- 0.80 mm) which
is hexagonal in shape a median notch is present
in the anterior region. At the anterior end of
carapace, a tiny pair of structure (frontal body) and
a pair of compound eyes, which are embedded in the
cuticle and not protruded. The alimentary canal
is developed and the zoea begins to feed on the
phytoplankton. In this experiment, Isochrysis galbana
was provided as food at a concentration of 3000 cells/ml.
The thoracic segments begins to form at this stage.
The first antenna, which is about the length of the
body, is composed of seven segments. The distal
segments bear three setae, the longest one of which
is in the middle anterior position. The other two
are much shorter and are on the inner and outer
distal margins. One or two setae are found on the
five proximal segments at the inner distal segments
corner of articulation. The second antenna
consist of protopod, an endopod and an exopod. The
endopod consist of three segments and bears four
setae on the distal end. The expodite has six
segments with one setae on each segment and five
setae placed apically on the terminal segment.
Second Zoea
The major characteristic of the second zoea (Fick 4.8)
is the presence of a rostrum on the middle anterior
position, and is bent downward on the anterior end.
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A pair of supra-orbital spine is also present.
The stalked compound eye is exposed. Segmentation
of the abdomen is more clearly observable in the
second zoea. The telson is not yet formed in
this stage.- The number of furcal spines remain the
same as the previous substages. Anteriorly, one
or more short setae at the tip of the distal segment
become longer.
The second zoea measures from 1.88- 1.92 mm in
total length. Carapace width measures from
0. 6- 0.70 mm and the carapace length measures from
1.16 -1.20 mm.CO mparatively, the carapace of
the second zoea is much longer than the first zoea.
Third Zoea
The zoea three (Fig 4.9) measures from
2.20- 2.32 mm in total length. The carapace length
measures from 1.34- 1.40 M.M. In this stage, the
five articulations on the proximal segments of the
first antenna is now fused. Segmentation of the
abdomen remains the same. In addition, the telson
becomes distinct. The first five abdominal segments
bear a dorsome dian spine on its posterior margin,
while the sixth segment bears a pair of mid-lateral spine
on the posterior margin. The uropod arise from the
ventroposterior edge of the sixth segment. It is
bi-ramous and divided into the exopod and endopod.
Unlike other Penaedae crustaceans, the exopod is
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slightly longer than the endopod. The number of
furcal spines remains unchanged.
Mysis
After the third zoea stage, the larvae undergo
morphological change, e.g. become more shrimp like,
and developed into the mysis. The pereiopods
appear in this stage and the larvae show astrange pattern
pattern. The endopodite of the first three pairs of
pereiopod modified into a chela. The body usually
maintained in a vertical position with occasion
swimminq by the pereiopods.
First Mysis
The first mysis (Fig. 4.10)measures from 2.49-2.60 mm
in total length. The carapace is more tightly
fusedwith the thorax. The first antenna is divided
into three segments, i.e. five of the original
seven segments fused. The proximal segment is
longer than the sum of the penultimate and distal
segments. The telson is still longer than the
uropod. The uropod is bi-ramous and consist of a
protopod, and endopod and exopod. The telson
bears seven pairs of terminal spines. The dorsal
medium spines of the first two abdominal spines
disappear but the rest remain unchanged. The
pledopods (swimming legs) is not developed in this
stage. However, the pleopods are embedded by
cuticle in the respective abdominal position. The




The second mysis(Fig.4.l1)measures from 2.84- 2.96 mm
in total length. The rostrum is straight, protrudes
towards the anterior and is recurve at the tip. A
pair of hepatic spine appear in the lateral side
of the carapace. The p opod become uniramous.
The pereiopod enlarge, and the endopod of the first
perciopod is longer than the exopod. The pleopod
is enlarge and uniramous that appear on the ventral
surface of the abdominal segments. There is
little structural change in the first and second
antennae. The telson bear six pairs of terminal
and-two pairs of lateral spines.
Third Mysis
The third mysis (Fig, 4.12)measures from 3.25- 3.50 mm
in total length. The upper rostum bears 2- 3 spines
(rostral teeth). The distinguishing characteristics
of the third mysis are the presence of well-developed
pleopods and the segmented endopod of the second
antennae. The carapace is about the same of the
previous stage. However, it is more fused with the
cephalothorax. The endopod of the first antenna
is longer than the exopod. The pleopods now




The first post-larve (Fig.4 .l3) measure from
2.025- 4.2 mm in total length. Except for the
size and the teeth on the rostrum the post-larva
(P1- P5) is exactly similar as the adult. The
distinguish characteristic of this stage is the
presence of segmented pleopods as swimming organs.
Each pleopod bears 6- 8 terminal setae. The
rostrum bears five teeth on the upper side. The
supraorbital spine is still present. The
P1 P4 still maintains a planktonic form which is
easily carried by the water current, but when
it reachs the P.J. the post-larvae begins its free




114etapenaeus ensis is an important commercial shrimp of
Hong Konq. The developmental study of the Hong Kong
sand shrimp, the complete account of the eggs and its
cleavage until the nauplius is hatched is not available,
not to men+.ion the larval development involved in the zoea,
mysis and the post-larval stages. Scattered descriptions of
M. ensis arQ available from plankton sampling, sorting
of the shrimps larva and then connecting of the time-scale
together. The sequen-ti.al study of the larval development
is easy in the laboratory. Similar to other penaeidae
such as Penaeus japonicus, P. m.onodon, M. ensis possesses
six nauplius stages, three zoea stages and three
mysis stages. Unlike M. ensis, however, M. monoceros
consists of 5 nauplius stages, three zoea stages and five
mysis stages. However, deviation in the number of stages
is a rare exception in the penaeidae (Kurian and Sebastian,
1982). The egg diameter of P. semisulcatus, P. japonicus,
P. indicis, P. merguiensis, M. monoceros, and M. ensis
range 0.25- 0.32 mm. The egg diameter of^. ensis,
however, has an average of 0.27 mm. The time required
for complete larval development from nauplius to post-larva
stage of the P. japonicus, P. monodon, M. monoceros and
M. ensis was 10, 9, 11 12 days respectively. Table 4.5
showed the average egg diameter, nauplius size, zoea size,
mysis size of the post-larva size of the P. californiensis.
M. monoceros and. the M. ensis. The M. ensis has an
intermediated eggs size and larval size among the three












Fig. 4 .1 The ventral view and lateral view of first
nauplius stage (N1) of M. ensis showing the
uniramous first antenna (A1), biramous
second antenna (A2) and mandible (Md) with










Fig. 4.2 The ventral view (A) and lateral view (B) of second
nauplius stage (N2) of M. ensis showing the plomouse
setae.
Fig. 4.3 The ventral (A) and lateral view (B) of third
nauplius stage of M. ensis showing three pairs of
furcal spines (FS), labrum (L) and the rudimentary










Fig. 4.4 The ventral (A) and lateral view (B) of fourth










Fig. 4.5 The ventral (A) and lateral view (B) of fifth
nauplius stage (N5) of M. ensis showing the








Fig. 4.6 The ventral view (A) and lateral view (B) of the















Fig. 4.7 The first zoea stage (Z1) of M. ensis with the dorsal













Fig. 4.8 The second zoea stage (Z2) of M. ensis showing the











Fig. 4.9 The third zoea stage of M. ensis showing the dorsal








Fig. 4.10 The first mysis (M1) of M.ensis (A), the first antennae (B),
second antennae (C) and the telson (D).






Fig. 4.11 The second mysis stage (M2) of M. ensis (A) showing
details of the first antennae (B), the second
















Fig. 4.12 To show the third mysis stage (M3) of M. ensis (A),
first antennae (B), second antennae (C) and telson(D) .
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2.5 mm
Pig. 4.13 The post-larva (P1) of M. ensis
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Table 4.1
Artificialpropagation of sand shrimp Metapenaeus ensis, the
size of the eggs and.the chronology of embryonic development
at salinity 30°/00.
TIMESIZE (mm)STAGE
2110 (31st Aug 83)1.25 - 0.27Newly spawned eggs


















Size and the external morphology of the nauplius, M.
ensis reared in the laboratory.
FURCALSTAGE SIZE(MM)* BODY SHAPE I1ST ANTENNA 2ND ANTENNA
MANDIBLE SPINE
N1 0.30 Oval Uniramous Biramous Biramous
Isetae (5) Exo (3)** Exo (3)
Endo(4)** Endo(3)
0.30NZ Little change Terminal Setae plumose Setae plumose











L I T T L E





show the mode size of the sampled nauplius
exo-exopodite
endo-endopodite
number in parenthesis show the number of setae
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Table 4.3
Summarized table to show the comparison of
structure and size of M.ensis zoea reared in
the laboratory at 27- 29° C and salinity 3/00.
ZOEA UROPODSPERIOPODSCOMPOUND EYESIZE CARAPACE
AbsentOcellus still AbsentHexagona'I 1.63-1.70
present until





1.85-1.95II Elongated DevelopingCompound eyes Developing
are exposed and is and is
and with embedded embedded
stalks
III Elongated Little change Exposed Exposed2.20-2.30






Size and chronology of larval development in sand shrimp
(Metapenaeus ensis)reared in the laboratory at the temperature
27- 290C and salinity at 300/00
STAGE SIZE (mm)+ S.D. DURATION (h r s)
New eggs 0.250 0.010


















Comparison of the size (mm) of Metapenaeus ensis
M. monoceros and Penseus californiensis.
M, ensis M. monoceros Z. californiensis
egg 0.263 0.27 6.34
N6 0.385 0.350 0.53
2.226 2.13 2.70
z 3
M3 3.855 3.42 4.18
P 4.025 3.75 5.30._ 1
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Plate 1: Newly spawned eggs
Plate 2: Two-cell stage
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Plate 3: Four-cell stage
Plate:. Sixteen-cell stage
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Plate 5: Multicellular stage
Plate 6: Morular stage
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Plate 7: Pre-nauplius stage
Plate 8: Pre-nauplius stage
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Plate 9: Hatching nauplius
Plate 10: Hatching nauplius
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Plate 11: Third nauplius
Plate 12: Fourth nauplius
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Plate 13: First zoea
Plate 1.4: Second zoea
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Plate 15: Third mysis
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5.1 INTRODUCTION
It has long been recognised that salinity may have a
profound effect upon the development of marine invertebrates.
Nevertheless, detailed studies on this topic are surprisingly
rare even for the well-studied crustaceans. In the
marine environment, salinity is one of the major
environmental factors which limited the distribution
of invertebrates (Kinne, 1971). Animals living in the
intertidal zone of estuaries and coastal water in
general, are exposed to fluctuating salinities. In
addition, salinity also acts as an important determinant
for the growth of crustaceans. The effect of salinity
on larval development of decapoda such as Rhithropanopens
harrisii, Marcobrachium rosenbergii, Cancer irraratus
and Panopeus herbstii had been studied by Sastry(1C)7Q).
However, the most important penaeid shrimps are located
in tropical seas and the effect upon them of environmental
factors including salinity, is little known. The
palaemonidae shrimps Macrobrachium rosenbergii generally
moved into low salinities and less frequently into
higher salinities (Stephenson and Knight, 1981).
However, ovigerous females of M. ensis, like other
Penaeidae shrimps, habitually migrate to esturarine
waters to spawn (Nloreira et al, 1979 Monaco, 1975).
The spawner releases its eggs in coastal water where
the larva will develop and pass its early life and
return to sea water in the later stages. However, the
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optimum salinity range for spawning, embryonic and
larval development, larval growth of this species have
not been investigated. Part of this chapter will deal
with the above topics. Salinity, as an important
environmental factor not only act on the embryonic
development, larval development and survival, but it
also influences the metabolic rate and growth as well.
It has been mentioned that the penaeid grow faster
at lower salinities. Energy is required to regulate
the osmotic pressure in the intercellular tissues, and
the expenditure of the stored energy thus reduces the
growth rate (Sandifer et al, 1975). Part of this
chapter, therefore, will investigate the effect of
salinity on the metalbolic activity through an estimation
of the respiratory process. Possession of an exoskeleton
is a characteristic of the crustaceans. The shrimp
must cast its exoskeleton before it increases'in size,
and. molting thus constitute one of the important
processes of growth. Thus in the final part of this
chapter the effect of salinity on the molting of the
juveniles will be described.
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5.2 MATERIALS AND METHODS
5.2.1 Spawning and hatching
One hundred gravid females were purchased
from Lei Yue Mun sea-food market. The
original salinity was 30°/00 and temperature
30°C. In the beginning, the body length (BL),
total length (TL), carapace length (CL) and
fresh body weight (BW) were measured.
Groups of 10 shrimps were selected for each
salinity of 5, 10, 15, 20, 25, 30, 35 and
400/00. These shrimps were acclimated
initially in a 500-litre fibre-glass tank
contained water of salinity 30°/00 and
agitated by air-stones. Salts of artificial
sea-water (manufactured by Wimex) was added
to make the higher salinities and fresh
water was added to dilute the salinities.
The salinities were lower and raised by an
interval of 5°/00 per 30 minutes, and the
desired salinities were attained in 6 hours.
The volume of water was 400 litres in each
breeding tank (each containing 10 gravid
females). All tanks were placed in the
hatchery laboratory, provided with suitable
aeration and covered by plastic sheets to
avoid disturbance in the night. During
the night, foamy discharge substances from
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ovarian tissues was cleared from the spawning
tanks. Next morning, the number of females spawned
is recorded and the fresh weight was taken again
All the females were removed and the unspawned
females of the first night were considered as
having failed to spawn.
5.2.2 Survival and.-Development of Larvae
This section deals with two aspects effects of
salinity: (i) survival and development of
non-acclimated larvae, and (ii) survival and
development of acclimated larvae.
in the first part, the direct effect of salinity
was studied. Triplicated sets of 500 larva at
N1, Z1, M1, P1, P11 & P21 from a larviculture
tank (salinity at 33°/00) were transferred directly
into one-litre beaker of water with salinities
of 5, 10, 15, 20, 25, 30, 35 and 40°/00. During
each stage, the same amounts of foods (i.e. algae
and Artemia salina) were feed to the larvae.
The survival and metamorphoses at the end of N6,
Z3, M3, P5, P15 and P25 were recorded.
In the second part, the eggs spawned from
different salinity groups were allowed to develop
to the zoea, mysis, postlarva and juveniles by
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general cultured technique as mentioned in
Chapter 3. Growth measurement was based on the
relative growth index (Villegas, 1979,1982). While
the survival rate was estimated by sampling the
individual tanks.
5.2.3 Growth.of-the Juveniles
This section reports on the growth of three
size-groups of juveniles in different salinitie.=.
The tested salinities were 5, 10, 15, 20, 25,
30, 35 and 400/00. Three different sized-groups
of juveniles were collected, namely:
i) small sized-group of 4.75+0.12_.mm
ii) medium sized-group of 12.25+0.48 mm
iii) large sized-croup of 31.25+0.57 mm
The lower salinities were prepared by gradually
diluting full salinity sea-water with fresh
water while the higher salinities was prepared
by addition of artificial sea-water salts to
sea-water. For each size group, experimental
shrimps were obtained from the culture pond of
the Marine Science Laboratory. They were'o
acclimated at different salinities for two days
before the start of the experiment. Initial body
length was measured. One hundred of these
juveniles were put directly into rectangular
tanks of different salinities. Triplicated sets
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was also prepared for each salinity. During
the experimental period, dead shrimps and
uneaten food were removed.
At intervals of ten days, the survival rate, size
and weight of the juveniles were recorded. At
the end of the experiment, 10 shrimps were used
for the analysis of chemical composition, water
content and ashes.
5.2.4 Respiratory .Rate of the Juveniles
The effect of salinity and salinity-temperature
on respiratory rate of juveniles will be described.
The experimental juveniles were obtained from
larviculture tank mentioned in section 4.2.2.
The tested salinities were 5, 10, 15, 20, 25,
30, 35 and 40°/00 and the salinity-temperature
test include salinities mentioned above and
temperatures of 12, 18, 22, 26, 28, 32 and
35°C. The juveniles were first acclimated in
different salinities for one to two days. Eight
juveniles from each salinity groups were selected
and washed thoroughly. They were put separately
into different blackened dissolved oxygen bottles
of 300 ml capacity. The dissolved oxygen bottles
were flooded with oxygen-saturated water of the
same salinity. Each was covered carefully with
stoppers to exclude all bubbles. A control was
set up similarly for each salinity but without
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the shrimp. The oxygen content of the dissolved
oxygen bottles was measured with a dissolved
oxygen meter (YSI) after 12 hours. A twelve-hour
interval was chosen in order to avoid the possible
stressin the first few hours. The net oxygen
consumed was obtained from the difference
with the controls, and the final respiratory
rate is represent as mg 02 consumed per unit dry
weight of shrimps per hour.
5.2.5 Molting
Juveniles of the size ranges 1.27+0.15 cm and
25.34+3.4 cm were obtained from the culture pond.
The salinities used were 5, 10, 15, 20, 25, 30,
35 and 400/00. Twenty shrimps were put separately
into twenty plastic vials (volume 150 ml) for
each salinity level. The light regime (i.e. 13 hours
light: 11 hours dark photoperiod) approximated
that of the natural environment during the Summer
in Hong Kong. These shrimps were fed artificial
diets twice daily. Before feeding, the water was
changed. All of the shrimps were checked daily
for molting and death, all molted specimens
were recorded and the dead were removed. The
interval (in days) between two moltings was recorded
as the intermolting period (IMP).
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5.3 RESULTS
5.3.1 Spawning and hatching
The number of females that spawned in different
salinities was shown in Table 5.1. At or below
15°/00, spawning essentially did not occur and
mortality was very high. The minimum salinity
for effective spawning was 20°/00. Above
35°/00 spawning was depressed. Thus, there
was an obvious optimum for spawning and survival
at about 30°/00.
The time required for the eggs to hatch was also
influenced by salinities. The eggs required
12-13 hours to hatch at 30-35°/00 but the time
increased in both extremes (i.e. 10, 15 and 40°/00)
Embryonic development thus seemed to be affected
by salinity.
5.3.2 Survival..and.Development of Larvae
(1) non-acclimated larvae: Fig. 5.3 to Fig. 5.8
show the survival of the nauplius, zoea,
mysis and postlarva of M. ensis in the direct
transferred experiment. In general, a
similar curve with a maximum survival rate
was found for each salinity group.. Mortality
of the early larvae was instant when they
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were transferred directly to different extreme
salinities. The optimum salinity range
(i.e. with survival rate 80%) for the nauplius,
zoea and mysis was 30-35°/00. The optimum
salinity range increase in the later larval
stages, i.e. 25-40°/00, 20 -40°/00, 15-40°/00
for P5, P15 and P25 respectively. As a
summary (Table 5.3), the optimum range for
the early larvae (nauplius to zoea) is small
and the range increasesfor the later larvae.
(ii) acclimated larvae: The survival rate at
different larval substages of M. ensis in
the acclimated experiment are shown in
Table 5.2 and Fig. 5.2. The survival rate at
P25 stage was in the decreasing order of
35, 30, 40, 25, 20 and 15°/00. Similar to
the direct transferred experiment, survival
is high in the higher salinities (i.e. 35°/00
and 30°/00). The survival shows a significant
difference (P 0.05) of F-values for N6, Z3
and M3 stage (Table 5.2). Growth index
(Villegas, 1979) and F-values (Table 5.4)
shows that the larvae developed faster at
the normal salinity (30-35°/00). The larvae
required nine days for complete development
to postlarval stage when they were reared in
30 °/00 and 35°/00 salinity. A longer time
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was required for larvae reared in other
salinities. F-values indicate growth is
significantly different in the first and
second day at P 0.01, and the seventh,
eighth, and ninth day at P 0.05.
5.3.3 Growth of the Juveniles
The survival, growth and frequency distribution of
the three sized groups juveniles are shown in
Fig. 5.9 to Fig. 5.17. The optimum survival rate
at different salinities for small-sized, medium-
sized and large-sized juveniles was 20-400/00,30-400/00
and 30-400/00 respectively. Small-sized shrimps
can tolerate a more rapid salinity change from
the normal salinity than the large-sized groups.
Complete mortality was recorded much earlier in
the experimental period for the large sized
group, and change in salinity seen to be determintal
to this group.
Maximum increase in body length was recorded for
the small-sized reared in 15°/00, 20°/00 and
25°/00. At higher salinities, a relatively
smaller growth rate was recorded. Faster
growth rate was recorded'at higher salinities
(25, 20, 35 and 30°/00) for the medium-sized
group. Finally, maximum growth rate was recorded
at 30°/00 for the large-sized group.
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Frequency distribution of body length of three
sized group showed a large variation in size
for shrimps reared in salinities result with
maximum growth. The ranges of body length in
the small-sized, medium-sized and the large-sized
groups were 7-17 mm (at 200/00), 18-30 mm (at
300/00) respectively. The size range increased
as the growth period lengthened.
5.3.4 Respiratory Rate.of Juveniles
The respiratory rates at different salinities
of non-acclimated juveniles is shown in Table 5.5
and Fig. 5.19. Correlation coefficient (r= -0.5672)
showed no significant difference in respiration
at P 0.01 level for juveniles at 23°C.
Negative r-value indicated an increase of
respiratory rate with decrease of salinity.
Correlation coefficient at 28°C (r= 0.128) was
not significant. This indicated that the effect
of salinity on respiratory rate was not significant.
Thus it may be concluded that metabolism is
unaffected.
Oxygen consumption rate of M. ensis at different
salinity temperature combination is shown in
Table 5.6 and Fig. 5.20. At 12°C, the oxygen
consumption rate was little changed with
experimental salinities. However, a marked
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increased in rate was observed at 22°C, 26°C
and 28°C C. Finally, the highest rate of oxygen
consumption was recorded at 3e C.
No observable detrimental effect was observed
when the juveniles were put in 36°C for 24 hours.
Temperature thus had a readily observable effect
on the oxygen consumption rate. At 12°C, oxygen
consumption rate varies from 1.1 to 1.43 mg 02
gm -1h-1 at 10, 20, 30 and 40°/00. At 36°C,
the rate varies from 4.92 to 5.03 mg 02 gm -1h-1
at 10, 20, 30 and 40°/00. Two ways analysis of
variance (ANOVA) of the effect of salinity
temperature and salinity-temperature combinations
indicated a significant (at P 0.05 level) due
to temperature and salinity-temperature combinations.
The effect of salinity alone, however, was
insignificant as indicated by the F-value
Tah-,1 P 7)
Table 5.8 showed the Q10 values of the juveniles
at different salinity-temperature combinations.
The 010 values decreased as the temperature
increase. At 12-22°C, the Q10 values was between
1.92 to 2.58 at 10, 20, 30 and 40°/00. At 26-36°C,
however, the 10 range 1.57-1.79 at 10, 20, 30
and 40°/00.
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5.3.5 The intermolt period (IMP) of the juveniles in
different salinities is shown in the Tables
5.9 and 5.10. The average IMP decreases with
decrease in salinity. In addition, larger
size juveniles have a longer IMP. The IMP
and salinity was also compared. A significant
different of IMP was found for different salinities
for both sized groups (Tables 5.11 and 5.12).
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5.4 DISCUSSION
The general life histories of the commonly cultured
Denaeids are similar (Wickins, 1976). The adult spawns
offshore and the larvae migrate to estuaries for a
period of time and then return to the oceani..c water
where salinity is high. However, the reason for the
migration toward the estuaries and subsequent return
to the ocean is unknown. However, the larvae of the
palaemontes such as Palaemon elegrus, Macrobranchium
amazonicium and Macrobrachium rosenbergii possess a
different life history. These fresh-water palaemonidii
migrate from fresh-water to the offshore region for spawning
The larvae pass their early stages in the estuaries and
return in the later stage to fresh water for adult growth.
Metamorphoses will be delayed or not occurred at low
salinity for these species (Williamson, 1976 Guest
and Durocher, 1979). For M. ensis, however, the larval
metamorphoses were retarded in low salinities. Although
salinity is considered as a major factor in the ecology
of penaeid shrimps, few data have became available either
to substantiate or negate claims that 'low salinity is
a requirement for the growth of postlarval shrimps
(Passano, 1960). `hat postlarval shrimps are found in
water of low salinity is an undisputable fact but the
influence of salinity on their distribution has not
been investigated. It is generally the younger or
smaller stages of the animals which inhabit low salinity
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and, although there is some exceptions, this certainly
apply to penacidaes (Pearse and Gunter, 1957). From the
stage-to-stage survival rate data, and regression
equations generated from individual stages, the
optimum salinity for spawning, hatching and growth is
within 30-35°/00. The narrow range for hatching may
suggest that the gravid females will not migrate toward
the estuaries to release their eggs. It may only migrate
offshore where salinity is well within the range 30-35°/00.
Metamorphosis has not been recorded at salinity lower than
15°/00 for Penaeus vulgaris and P. elegaus, and survival
rate of the nauplius, zoea and mysis of M. ensis at
15°/00 is low. Survival test in my experiment showed
that the postlarvae (P25) can tolerated a fluctuation
of salinity change (i.e. 5-40°/00) in acute and prolong
test, and the results shows that the postlarvae can
grow over a wide range fo salinities. Table 4.4 shows
the tolerance range for the eggs and larvae of M. ensis.
The range of tolerance increased from 20-40°/00 to
5-40°/00 in the egg stage and the postlarva stage
respectively. It has been reported that the migration
of the younger shrimps correlated more with locality
than salinity and has been concluded that salinity within
a board range was not important (Linder and Anderson,1956).
It is generally accepted that the larval stage of
peaneids include a low-salinity phase in the estuaries.
Growth of the fresh water species Macrobrachium
rosenbergii (WiCkins,.1976) and the marine species
Metapenaeus ensis (Personal observation) in the
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estuaries and/or offshore is small. One possible
auesti.on may arise: why do these species selectively migrate
to estuaries during some part of its life cycle (i.e.
usually the larval stages) before returning to the
favourable water conditions? It has been suggested
that locality has a greater effect than salinity, the
possible reason is that the estuaries can support
the larvae with much more food than the oceanic
and fresh water (Lindner and Anderson, 1956).
In the growth study, it was found that juveniles grow
faster in lower salinities (i.e. 5, 10 and l50/00)
for the small-sized group. The response of the other
size groups also varies. Thus the preference for
different salinities for the shrimps may govern the
migrations. Salinity preference change with age and
size. Keiser and Aldrich (1976) mentioned that migration
of penaeid postlarva is influence by salinity.
Additionally, the small-sized group in this experiment
appeared to be able to adapt to lower salinities more
quickly. Growth of M. ensis juveniles gradually decreased
when the age increased. Moreover, the larger shrimp
cannot tolerate a high salinity change. It is interesting
to note that the growth rate varied considerably among
individuals of the same group regardless of salinities.
For the large-sized group, the juveniles measured from
0.25 gm to 0.27 gm and 32 mm to 33.5 mm at the beginning
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of the experiment. After 40 days, weight varies from
0.25 gm- 0.78 gm and body length varies from 35.5 mm-
48.33 mm. This characteristic is consistent for the
small-sized and medium-sized group. Such large variation
may be attributed to the general growth pattern and
growth characteristic of this species. Other penaeidae
such as Penaeus japonicus and P. orientalis, however,
show smaller variation.
M. ensis belongs to Group 4 of marine invertebrates
according to the classification of Kinne (1967), i.e.
unaffected metabolism. The respiratory rate of this
species is unaffected by a change of salinity. Among
Group 4, are Penaeus monodon (Gaudy, 1981), Idotea
chef ipe_s (Jones, 1974), the Decapoda Palaemonetes
vulgaris (Mcfarland and Pickens, 1965). In another
euryhaline species Metapenaeus monoceros, however,
the respiratory rate was found to increase with increase
in salinity, while Crangon vulgaris showed a decrease
in respiratory rate with the increase of salinity
(Rao, 1980). Both the M. ensis and the M. monoceros
belong the euryhaline species with a similar life
cycle. However, their response to the salinity variation
is quite different. M. monoceros exhibits active
regulation of chloride ions (Panikkar, 1948) and
increased oxygen consumption rate in salinity of
both extremes. Kutty (1971) suggested that increased
metabolic rate at salinities different from the isoosmotic
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point is an indication of increasedenergy cost due
to osmoregulation.
The metabolic response is also related to the previous
condition of salinity to which the juveniles were
adapted. The postlarvae in this experiment were
not previously acclimated at the test salinities.
It has been found that the respiratory rate increased
more pronouncedly in marine than in brackish water
species when the larvae were subjected to lower salinity.
Direct transfer of the larva to salinities may
induce a large increase in metabolism, whereas the
rate remain similar in fully acclimated individuals
(Leffler, 1975).
Some workers suggested that salinity is not as important
as temperature in determix1ing the rate of metabolism.
It is believed that salinity affects larval development
while the temperature affects larval metabolism
(Costlow et al, 1966Sastry, 1970). The importance
of considering the effect of salinity and temperature
on the growth and survival of marine invertebrate
larvae had been stressed by many investigators (Sandoz
and Rogers, 1944 Costlow et al, 1960 Kinne, 1964Keiser
Aldrich, 1965 Rao., 1958). Many authors studied
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the salinity-temperature effect on the metabolic
response of marine inverteberates (Kinne, 1970, 1971
Vernberg, 1972). Florkin (1960) and Lockwood (1976)
gave special attention to these effects on temperature.
The physiological effect of salinity-temperature
are correlated in various ways. The greater response
to lower salinity may be result if increase work
for maintenance of osmotic balance. Lockwood (1962)
has indicated that salinity was only a minor factor
on the survival of Pandulus jordani larvae and temperature,
on the other hand, affected not only on survival
but growth rate as well. Rothlisberg (1979) indicated
that salinity is only a miner factor in the survival
of Pandulus j ordani. Moreira- (1979)
showed that both temperature, salinity and their
interactions significantly influenced larval respiratory
rate of Macrobranchium holthuisi. Similar results
was also found in M. rosenbergii (Nelson et al, 1977).
a'-he fresh weight of the juveniles is not a significant
basis in estimating the respiratory rate. This is
mainly due to the variation of the water content
of shrimps in different stage of molting cycle '(Passano, 1960).
In addition, the metabolic activities of shrimps
and its physiology also varies. Caudy and Sloane (1981)
mentioned the usefulness of using the calculated
rate with the corresponding weight to determine the
respiratory rate. The oxygen consumption per individual
in all temperature, salinity-temperature combinations
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was influenced by the weight of the organisms. As
summarized below:-
R= a+ Wb or log R= b log+ log a
Where R= mg 02 consumed per unit dry weight per
hour
W= dry weight of the organism in gm
a= the y-intercept
b= slope
In M.'ensis, the estimated values of a= 1.935 and
b= 0.5623 from a total of 20 samples.
To summarize, the respiratory rate of M. ensis is
unaffected by salinity variation. Temperature, on
the other hand, has a profound effect on the rate
of metabolism. It can be concludedthat metabolic
work due to osmoregulation was not a significant
contributing factor in determining the metabolic
rate. The Q10 values were lower for the upper part
of the temperature range investigated (i.e. 26-36°C).
Molting in crustaceans involves complex -physiological
resnonses. Molting also indicates growth in crustaceans
because the organism must cast its exoskeleton before
the larger and new exoskeleton is deposited. The
molting process is sub-divided £nto different stages:
(i) the molting or ecdysis stage (E), (ii) the post-molt
stage (A, B), and (iii) the pre-molt stage (C,D). Absolute
changes in body composition, mass, water content and ash
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were found during the molting cycle in standard length
Penaeus indicus (Caulton, 1979).
Early crustacean larvae molt more frequently than
older ones. The IMP thus increases with age. It
was found that the water content of the pre-molt
P. indicus is highest (Caulton, 1979), and this is
the result of absorption of water so as to break
the body skeleton. Thus, by reducing salinity of
the water, the immediate effect may be to aid the
rapid. absorption by the pre-molt juveniles and eventually
cause molting. Furthermore this explains the mass
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Fig. 5.1 The hatching rate+ S.D. of the fertilized eggs of M. ensis
















Fig. 5.2 Survival of different larval substages of M. ensis
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Fig. 5.7 Survival rate of M. ensis from p11 to p15 stage
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Fig. 5.8 Survival rate of M. ensis from P21 to P25 stage
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Fig, 5.9 Survival of small-sized juveniles of M. ensis
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5.10 Increase in body length (mm) of small-sized of M. ensis
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Fig. 5.11 Frequency distribution of body length of small-sized






















Survival of medium-sized juveniles of M. ensis
























T I M E N DAYS
Fig. 5.13 Increase in boby lcngth (mm )of medium-sized
M. ensis juveniles reared in different
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Fig. 5.14 Freguency distribution of body ength of medium-sized
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Fig. 5.15 Survial of large-sized juveniles of M ensis
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Fig. 5.16 increase in body length (mm) or large-sized M. ensis
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Fiq.5.17 Frequency distribution of body length of large-sized















Percentage dry weight of M. ensis postlarva
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Fig. 5.19 oxyqen consumption rate of non-acclimated M. ensis
juveniles in different salinities at 23 c and
28 c. Dotted lines are estimates of linear
regression.
At 23 c: A=2.238
B = 0.015 r = -0.5672
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Fig. 5.20 Oxygen consumption rate of M. ensis juveniles













Effect of salinity on (i) number of fcmale spawned,
(ii) mortality and (iii) the hatching time for M. ensis


































Indicated number of gravid female spawned successful
from a total of 10 spawners
Indicated the number dead after 24 hours
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Table 5.2















46.0±4.3 45.4±4.3 58.4±4.5 63.8±3.4 66.6±4.9 60.0±5.9
37.2±3.0 33.2±6.1 42.0±5.7 59.0±3.8
58.6±3.9
47.4±3.9
16.6±3.0 19.6±3.2 29.0±5.0 43.2±3.7 52.5±3.8 36.6±2.7
12.6±2.0 8.8±2.5 25.0±3.7 38.4±5.4 48.0±4.9 35.6±4.4







F-0.05 (5,24) = 2.62
F-0.01 (5,24) = 3.90
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Table 5.3
Mean larval growth +S.D. and F-values of M. ensis reared in different salinities
Salin.ity(0/00)
Day F-value
15 20 25 30 35 40
1 1.00+0.00 1.00+0.00 1.00+0.00 1.00+0.00 1.00+0.00
2
1.60+0.18 1.70+0.09 1.70+0.17 1.92+0.10 2.00+0.00 1.82+0.12
3 2.38+0.07 2.32+0.16 2.36+0.10 2.62+0.08 2.70+0.06 2.64+0.14
4 2.86+0.14 2.94+0.16 3.16+0.22 3.40+0.11 3.40+0.53 3.20+0.21
5 3.56+0.12 3.48+0.16 3.58+0.21 3.98+0.13 4.00+0.00
3.76+0.16
6 3.92+0.16 4.00+0.18 4.14+0.10 4.42+0.18 4.46+0.07 4.16+0.49
7 4.36+0.10 4.50+0.14 4.50+0.27 5.00+0.00 5.04+0.08 4.48+0.15
8
4.92+0.10 4.80+0.13 4.98+0.16 5.70+0.17 5.72+0.08 4.86+0.20
9 5.42+0.12 5.28+0.12 5.36+0.19 6.00+0.00 6.00+0.00 5.48+0.16
10
6.00+0.00
5.89+0.15 6.00+0.00 - - -















Tolerance range and optimum range for the eggs
and larva of Metapenaeus ensis
Stage
Salinty( /00)

























Optimum indicates survival > 80% after 24th.
Tolerance indicates survival > 50% after 24th.
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Table 5.5
Effect of salinity on oxygen consumption rate
(mean mg O2gm-1h-1+-S.D.)
of M. ensis juveniles
a) Temperature =23oc
Salinity(p/100)
5 10 15 20 25 30 35
Drt wt.
(mg) 1.97+.53 2.05+.48 2.05+067 1.97+.87 2.28+.56 1.94+.58 2.04+.36
Rate 2.14+.33 1.83+.22 2.42+.35 1.85+.41 1.87+.22 1.91+.31 1.54+.64
N 5 7 6










2.12+.69 2.33+.73 1.29+.35 1.36+.59 3.00+1.00 2.96+.56 2.65+.3





N=Number of juveniles sampled





oxygen consumption rate +-S.D. (mg) o2 gm dry weight -1h-1) of m. ensis larva at



































Two ways analysis of variance of oxygen consumption
rate of M. ensis juveniles under different
salinity-temperature combinations





Significant at P 0.01









Q10 values for the respiratory rate of M. ensis larva
in different salinity and temperature combinations
Temperature ranges (C)
Salinity(%00)







A record of molt condition of M. ensis juveniles
(n=10) with average size 1.27±0.2 cm










IMP: Intermolt period, I.E. time interval between two successive
molting
* Immediate response by molting 24 hours after transferred
to different salinities
Tncmmnlete shedinq of the exoskeleton
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Table 5.10
A rccord of molting of N. cnsis j juveniles (n=10)
with average size at 2.250+0.32cm
Salinity IMP+S.D. Immediate effect
Remarks









35 13.6+1.36 0/20 2 unsuccessful
40 14.8+2.32 1/20 3 unsuccessful
IMP:Intermolt period i.e. Time interval between two
successive molts
Immediate response by molting 24 hours after
transferred to differ3ent salinties
Incomplete shedding of exoskeleton
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Table 5.11
Analysis of variance of the salinity on the
intermolt period (IMP) of M. ensis
SS DF MS F-value
SB 277.20 7 39.59 9 .1.02**
SW 139.20 32 4.34
F-0.05 (7,32) = 2.31
F-0.01 (7,32) = 3.26
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Table 5.12
Analysis of variance of salinity on the intermolt
period (IMP) of small-sized (12.1+2.Omm) M. ensis
SS DF MS F-value
SB 150.40 7 21.48 8.26**
sw 83.20 32 2.60
F-0.05 (7,32) = 2.31
F-0.01 (7,32) = 3.26
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6.1 INTRODUCTION
Although mass culture of the larvae of penaei.dae has
been established for many years (Hudinaga and
Miyamura, 1962 Hudinaga and Kittaka, 1975), attempts
to reduce cost and simplify culture by the artificial
diets for larval stages are still in progress (New, 1976).
Food is the largest single item in the running expenditure
of commercial shrimp farms. Different species of shrimps
may require different foods. Moreover, the food
requirement also varies during the life cycle of a
particular species. In shrimp aquaculture, it has been
shown that many types of phytoplankton are suitable
for the rearing of the shrimp larva from zoea to mysis
stage with high efficiency. Penaeus setiferus and
P. azesus larvae grow more rapidly with Tetraselmis chuii
than Skeletonema costadatum (Griffith et al, 1973).
Chaetoceros calcitranus is a better food than Tetraselmis
chuii for the growth of P. monodon(Villegas, 1981).
Other_ species such as Nitzeschia sp.(Hirata et al, 1975)
is also found to be effective. In addition, several
types of microencapsulated diets have been prepared
and their dietary values for the larvae of Penaeus
J ponicus evaluated (Kanazawa et al, 1982). The
juveniles also respond differently to various foods.
P. monodon postlarva of 5.5 mg did not grow well when
fed with a compound diet based on fish meal and rice
(Khannapa, 1977). Postlarvae of P. stylirostris, however,
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are easily grown on compound diets that are commonly
fed to larger size (Aquacop, 1975). Most of the
shrimp farms rely on the use of fresh food, the cultured
live organisms or natural products for good growth and
survival. To facilitate a large scale hatchery and
culture of shrimps, it is economical. to prepare formulated
diets. This can simplify the operation of hatcheries
and nurseries when natural food is lacking or inadequate.
In Hong Kong, the nutritional requirement of the
commonly culture species, M. ensis, has not been studied.
This chapter is concerned with a study of the nutritive
values of the phytoplankton, Isochrysis galbana,
Tetraselmis suecica, Thalassaria peudonema, Dunaliella
tertiolecta and the artificial diets Artificial Plankton
B. P., and the soybean powder on the growth of M. ensis
larvae. In the latter part of this chapter, the
effect of four different diets on the juveniles will
be reported. These diets include the oyster meat,
fish meat and two artificial diets in pel leted forms.
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6.2 MATERIALS AND METHODS
6.2.1 Growth of larvae from Z1 to P1
Two types of foods were tested: phytoplankton
diets and the artifical diets. The Dunaliella
te:rtiolecta stock (obtained from University of
Tokyo, Japan), Isochrysis galbana stock and
Tetraselmis suecica stocks (obtain from
Milford Laboratory, U.S.A.) and the Thalassaria
pseudonema stock (obtained from Bigelow Laboratory,
U.S.A.) were mass cultured in the algal culture
room using the f/2 and f-medium (Guillar_d, 1975)
The artificial diets included the Artificial
Plankton B. P. (manufacture by Nippon Formula
Feed Co). The experimental nauplius (N5-N6)
were obtained from a hatching tank and came
from a single spawner to exclude genetic variations.
These larvae (500 nauplius/litre) were stocked
in a fibre-glass tank containing filtered and
aerated sea-water, they were reared from Z1 to M3
stage using the phytoplankton and artificial
diets.
The algal solutions at exponential growth phase
were introduced into a 1-litre beaker to make
a concentration of 3500-4000 cells/ml. The cell
concentration of these algae were maintained
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throughout the experimental period to ensure
sufficient food for the larvae. For the artificial
feeds, about 2 mg of the Artificial Plankton
B. P. and soybean powder were first mixed and
homogenized in sea-water and then added to
the beakers separately. For each tested condition
triplicate sets were prepared.
These larvae were allowed to grow until the
postlarval stage. About one third water was
removed from each beaker before addition of
foods. Daily estimates of the larval population
were mane by counting the larvae in these three
sample sets and developmental stage was recorded.
The growth index of the larvae was estimated
from the formula of Villegas and Kanazawa (1979):
Growth (developmental stage= A/10 where A=
absolute value X number of larvae and the absolute










For all tested groups, the larva from individual
beakers were collected at the end of the experiment
by filtering and washing with filtered water.
These larvae were used for analysis of water
content, chemical compostitions and ashes.
Determination of these values follow as:
1. Percentage dry matter was measured by drying
for 24 hours in an oven at 100.
2. Protein content was determined by the
Folin-Lowey Method.
3. Lipid content is determine by the ether
extraction method.
4. Carbohydrate was determine by the anthrone
method of Strickland and Parsons (1968).
Similar analysis was also made for the phytoplanktons
and artificial diets.
6.2.2 Growth--of juveniles of M. ensis
The juveniles (at P1S) were obtained from eggs
hatched from a single spawner. Exactly 200 larvae
were selected and put in plastic rectangular
tank (30 x 25 x 40 cm3) contained 25 litres of
sea-water. The average size and weight were
estimated using juveniles from the culture tanks.
In addition, the average chemical composition,
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water content and ash of these larvae were
analysed and used for later comparsions. Totally
four different rectangular tanks were prepared.
These food under tested include: i) artificial
diet a (diet A), ii) artificial diet b (diet B),
iii) fish meat from Ophiocephalus sp. (diet C)
and iv) oyster meat from Crassostera 9igas
(diet D). The fish meat and oyster meat in powder
form were prepared by oven drying at 100 for
48 hours, and then grinding to powder forms.
Pelleted diets (diet A diet B) were ground
to the same size as that of the above two diets.
Equal amount of these foods (i.e. at 50 mg in
the beginning) was added twice daily to the
tanks. In the next morning, the unconsumed food
was removed before new food were added. At
10 days intervals, one third of water was changed
and the growth of 50 juveniles was recorded.
The whole experimental period was 40 days. At
the end, 10 shrimps from each tank were killed and




6.3.1 Growth of larva from Z1 to P1
Table 6.1 showed the chemical composition of
the algae used to fed M. ensis. Among these
species, T. pseudonema contained the highest
protein (46.55%) content, T. suecica contained
the highest lipid content (9,1%) and
carbohydrate (9.8%). Variations were found
in the growth and survival rate of M. ensis
larvae fed on various types of phytoplankton
and also within the same groups fed on the same
food. The larvae can grow and metamorphose
to postlarval stage when it is fed on I. galbana
and T. pseudonema (Table 6.2 6.3). The
survival rate at the P1 stage was 51.7% and
34.5% for larvae fed on I -galbana
and T. pseudonema respectively, while the time
required for the larvae to reach P1 was 10 and
9 days respectively. Thus I. galbana can
supported a higher survival but larvae fed on
it required a longer time for development, while
the larvae fed on the T. pseudonema had a higher
mortality but required one less day for larval
development.
Larvae fed on other species, however, cannot
reach postlarva stage. Complete mortality was
found in the earlier stages (Fig. 6.1): Z3 and
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M2 stage were reached by larvae fed on T. succica
and D. tertiolecta respectively.
The relative mean growth of M. ensis fed on
the I. galbana and T. pseudonema showed a
significant diffferencein F-values (i.e. 47.5
and 8.2 respectively) on the first and second
day at P0.05 level. Growth difference was
insignificant for the later period although
larvae fed on I. galbana required one more
day for complete larval development. The
frequency distribution of larval substages of
M. ensis fed on I. galbana and T. pseudonema
was compared (Fig. 6.2). The frequency of obtaining
an earlier larval stage was recorded at day 3,
day 6 and day 9 for larva fed on I. galbana while
advanced larval stage was reached.-for larvae
fed on T. pseudonema. The growth and survival
of ensis fed on various types of phytoplankton
is summarized in Table 6.2, 6.3 6.4.
Chemical composition of artificial plankton
B. P. and soybean powder (Table 6.1) show that
higher protein and lipid content in the artificial
plankton B. P. Complete development to postlarval
stages was found in larvae fed on both artificial
diet B. P. and soybean powder. Larval survival
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rate showed a significant difference as the F-values
(44.6) is larger than the F-0.05 (1,4) in
the second day. Growth, in the later days,
however, showed no difference. In addition
to the size difference on the second day,
larvae reared on Artificial Plankton B. P. developed
faster than larva reared on soybean powder. It
required 9 days and 11 days respectively to
reach the postlarval stage when fed on Artificial
Plankton B. P. and soybean powder. ANOVA between
mean growth show a significant differenceof
F-value (P0.05) in the first day and insignificant
difference of F-values (P0.05) for the latter
days. However, frequency distribution of larval
substages (Fig. 6.4) indicated a later
stage reach at day 3, day 6 and day 8 for larva
fed on Artificial Plankton B. P. and soybean
powder respectively. Survival at postlarva stage
was 42% and 12% for larvae fed on Artificial
Plankton B. P. and soybean powder respectively
(Table 6.5 and Fig. 6.3). F-test (ANOVA) also
indicate a significant difference in survival
rate for B. P. (42.3%) and soybean powder
(12.5%).
6.3.2 Growth-of the-juveniles
The chemical composition of four different diets
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(Table 6.1) show a minimum and maximum of
protein content in diet A (32.5%) and diet C
(56.8%) respectively. A minimum and maximum
lipid content was found in diet D (7.0%) and diet
B (12.5%) respectively. Minimum carbohydrate and
maximum carbohydrates contents was found in
diet C (11.8%) and diet A (14.1%) respectively.
Growth of the juveniles at termination of
experiment indicate maximum increase in length
occurred.. in larvae fed on diet C (Table 6.7 and
Fig. 6.5). The increase inlength is
insignificantlydifferent for larvae fed on diet
A and diet B. Thus, the optimum protein content
for M. ensis may range at 50- 60%. Unlike
proteins, the lipid content of diets show no
correlation with juvenile growth. The
chemical composition of juveniles analysis at the
end of the experiemnt indicated an insignificant
difference at P 0.05 level. However, the
protein, lipid and carbohydrate is higher in
larvae fed with higher chemical components. The
frequency distribution of body length in
different diets indicated (Fig. 6.5 to 6.8) a
great variation in size in the termination of
experiment. Survival of larvae at the end was
75%, 56%, 68% and 54% for larva fed on diet A,
diet B, diet C and diet D respectively.
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5. DISCTISSION
Many factors influence the running expenditure of shrimp
farms. Among these factors, food is normally considered
as the largest single item that determines the economic
success of shrimp culture operations. Early shrimp
culture farms used natural food, including trash
fish, shrimp meat, fish meal and bivalves. However,
due to the unstable supply of these natural foods, other
ways of solving the food problem is the common target
at which most shrimp farms are now aiming. As shrimp
aquaculture has expanded as an industry in many countries
such as Japan, Taiwan and U.S.A. etc, various artificial
diets have been formulated. The nutritional requirements
of different shrimps are not univensally constant.
Thus a. particular feed may be suitable for one species
but not for another. Some shrimps required a high
protein content feed for rapid growth while other
species may required a lower protein feed content. This
situation is further complicated by the fact that
nutritional requirement is also qualitative. Thus
shrimp diet manufacturers must spend great efforts in
solving these oroblems.
Development and growth of the larvae are dependent on
food. types, and quality and quantity of food ingested.
The concentration of phytoplankton also is an important
factor for growth and development as the larvae may
spend less time searching for food.
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Growth of larvae fed on the four algae used in this
experiment also depends on cell size. Although the mouth
diameter of zoea is greater than the size of these four algal
species, M. ensis preferred the smaller size I. galbana
to the larger T. pseudonema.
Hirata et al (1975) noted that Penaeus japonicus zoea
grow faster and larger with increasing concentration of
soy cake. Shigueno (1975) also reported that zoea had
grown well on a mixture of algae and soycake. The
Artificial Plankton B. P. was superior to soybean powder
in my experiment. Good larval growth was recorded
when M. ensis was fed on T. pseudonema. The algae
have a relatively high protein to lipid content (Table
5.1). Thus T. pseudonema may supply the larvae with
large amount of assimilable protein. Ingestion of the
plankton does not necessarily mean that the algae
is assimilable. In the case of the larvae fed on
T. suecica- and D. tertiolecta, undigested algae were
found in egestion from anus larval survival is also
lowest for these two species. in the primarly phase of
shrimp hatchery, mass culturing of the phytoplankton
requires good management technique and much labor, so
that production of artificial diets or microencapsulated
diets are very important because they can provide a
stable diets with high nutritive values. Microencapsulation
techniques for larval or postlarval diets have been
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advanced by Meyers (1973) but no experimental results
for its use with M. ensis are available.
(rowth of M, ensis juveniles was highest when they
were fed on the highest protein con ent diet (i.e.
diet C). The situation is different for
Penaeus semisulactus which showed no additional growth
when protein content exceed 40% (Chang, 1981). A
survey of the literature suggests that optimum protein
level for formulated compound diets varied between
20 and 60'0- (New, 1970). There are rclanly investigations
about the protein utilization by crustaceans such as
shrimps as reviewed by New (1976). Most nutritional
studies on proteins have been carried out by using
diets composed of complex raw materials and impure
proteins. The dietary protein level for maximum growth
have been proposed on crustacean by using diets containing
a variety of protein sources: Penaeus monodon(45.80),
P. setiferus (30%), P. duorarum (28.30%), Palaemon
serratus (30-40%), penaeus aztecus (22-30%), P. lanonicus
(40%), Macrobracnium rosenbergii (35%) and Metapenaeus
monoceros (55%) (Kanazawa, Teshima and Matsumoto and
Nomra, 19 81).
In recent years, the importance of fatty acid of the
linolenic acid family especially the long chain
polyunsaturated fatty acid (PUFA), for normal growth
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and survival of shrimps has been stressed by several
authors (Colvin, 1976 Guary et al, 1981 Clarke and
Wickins, 1980). It is generally accepted that
crustaceans are unable to synthesize cholesterol
de novo from acetate (Khnanapa, 1977 Teshima
and Kanazawa, 1971 Colvin, 1.976) and therefore, they
require cholesterol in their diet for normal growth
and survival. In my experiment, the high lipid diet
(diet A) gave a better result in survival (75%).
Therefore diet A may have supplied a more variety of
fatty acids (i.e. cholesterol) for normal growth of
shrimps. Studies of lipid, supplementation in shrimp
diets has shown specific fatty acid composition to
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Fig. 6.1 Average survival rate of M. ensis larvae
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Fig. 6.2 The frequency distribution(%) of larval substages
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Fig. 6.3 Survival of larval substages of M. ensis fed on
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Fig. 6.4 The frequency(%) distribution of thcr larval
substages of M. ensi s fed on different artifical
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Fig. 6.5 Frequency distribution of body length of Laboratory
reared M. ensis fed on diet A in different











































Fig 6.6 Frequency distribution of body length of Laboratory
reared M. ensis fed on artificial dict B. Arrow shows
































Fig. 6.7 Frequency distribution of body length length of laboratory reared
BODY LENGTH (mm)
M. ensis fed on diet c. Arrows indicates the mean body
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Fig. 6.8 Frequency distribution of body length of Laboratory
reared M. ensis fed on diet D. Arrow indicate
mean body length as each time
10-
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The chemical composition of phytoplankton diets &
artificial diets that fed on M. ensis larvae












































Survival of M. ensis larva fed on different algae
Algae species
Day 1. qalbaba T. Pseudonema T. suecica D. tertiolecta F-values
1 100+0.00 100+0.00 100+0.00 100+0.00
2
88.0+2.1 82.3+0.9 46.0+3.7 52.0+2.94 112.65
3
82.0+2.45 71.3+1.7 36.0+2.9 26.3+1.7 28.48
4 74.3+2.5 67.7+2.1 24.0+2.5 20.0+2.0 4.63
5 72.7+2.5 64.3+3.7 18.8+1.3
14.7+1.7 1.85
6 65.6+2.2 53.3+2.9 12.0+2.5 12.4+1.5 4.30
7 64.5+2.5 46.0+2.2
13.90










Mean qrowth and F-values of M. ensis larva
fed on different algae
Day
Algal Species
I.galbana T.pseudonema T. suecica D. tertiolecta F-values
1 1 . 00+0.00
1.00+0.00 1.00+0.00 1.00+0.00
2 1.62+0.07 1.78+0.13 1.54+0.05 1.62+0.07 5.196
3 2.28+0.15 2.54+0.05 2.02+0.16 2.06+0.08 7.005
4 2.68+0.12 3.00+0.11 2.54+0.08 2.63+0.07 2.791
5 3.08+0.07 3.56+0.05 2.78+0.10 2.92+0.11
12.660
6 3.38+0.13 3.94+0.17 2.82+0.13 3.00+0.00 6.56*
7 4.00+0.13 1.56+0.10 0.044










Growth and survival of M. ensis larva
fed on various types of foods
Algae Larval stages reached Time(days) Survival(%)
I. galbana Post - larva
T. pseudonema Post - larva
T. suecica First mysis







Survival rate and F-values of M. ensis larva
fed on artificialdiets and soy-bean powder
Day B.P. Soy-bear F-values
1 100.0+0.0 100.0+0.0
2 87.1+2.9 64.5+2.0 84.16
3 75.4+4.1 55.0+202
0.422
4 74.3+3 44.3+2.1 14.560
5 73.3+409 34.7+3.4 3.11
6 67.7+2.7 36.7+3.7 1.17
7 58.4+3.5 26.4+2.1 16.07
8 56.0+4.6 20.4+3.6 0.124
9 49.5+1.5 18.6+1.4 7.912
10 42.3+2.6 12.5+2.6 0.256
SS DF
SB 1332.06 1 1332.06
SW 49.81 4 12.45





Mean growth and F-values of M. ensis fed on

















Growth of juveniles at termination of










The sand shrimp, Metapenaeus ensis, is extensively
cultured in many shrimp farms in Hong Kong,
operation of the industry is mainly semi.-intensive.
The Dos tl ar_ va or shrimp frys reared in the laboratory
are introduced into culture ponds for future culturing.
Exchange of water mainly depends on the opening
of a wooden sluice gate during the natural tidal
rise and fall of the water level. During the process,
fish eggs and larvae may also enter the ponds and
they eventually become predators of the shrimps.
predators of shrimps can be divided into two groups:
those that feed on shrimps directly and those that
are comxDeti c_ors. Simple practice such as exposure
of the pond. to dryness under strong sunlight before
int.ro ucing the postlarvae was suggested. This
can get rid of the remaining larvae and eggs of the
predators.
The attack of shrimp larva by disease is in no
way unimportant. Many shrimp diseases which are
caused by bacteria, virus, fungi and protozoa have
been reported. The best known diseases include
the black gill disease, brown spot disease and other
fungal disease, vibrio disease etc. These diseased
species include Leucothrix mucor, Saprolegnia sp.,
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Uibrio so. and Zoothamnium sp. etc Sindermarin, 1977).
Condition become more serious when the high water
temperature reduces the water quality and
accelerate the reproduction of these species.
Predation by fishes and attacks by bacteria or fungi
are the main threats to the shrimp population and
sometimes result in mass mortality. Besides the
nutritional requirements, production in shrimp culture
thus directly depends on the control of predators
and parasites. Other methods such as chemical treatment,
can also be used to kill the predators. Depending
on the target organisms, the chemical used is also
different. Tea-seed cake is commonly used b adding
it to culture ponds before irrigation. In some
cases, extract of Derris sp. containing rotenone
is effectively used as a fish removing substance
(Schnick, 1974).
Copper sulphate, formalin and malachite green are
widely used in fish culture as prophylactics and
in the treatment of the external bacterial, fungal
and parasitic infections (Roberts and Shepherd,
1974 Schnick, 1974). However, the treatment of
internal. diseases has rarely been reported. Scattered
informations can be obtained on the effect of the
same chemicals on shrimps when they are used at
the therapeutics level against external parasites.
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The concentration of these chemicalsin the traditional
treatment depend on experience and trial-and-error
method. In general, formalin and malachite green
are commonly used to cure diseases while saporlin
and rotenone are used extensively in the eradication
of predators. In the culture practice of M. ensis
in Marine Science Laboratory, disease caused by
fungus, protozoa and virus sometimes caused complete
mortality. Little is known about the toxicity of
these chemical on M. ensis,and it is Possible that
their use in disease control may affect the growth
of the shrimps or even cause their death. The purpose
of this study is to determine the toxicity of some
therapeutic chemical, viz formalin, malachite green,
saponin and rotenone so that the result may be applicable
in the shrimp culture.
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7.2 MATERIALS AND METHODS
Larval shrimps:
The juvenile shrimps (P10-P12) used in this study were
Droduced in the Marine Science Laboratory. Their total
length (TL) was 1.25+0.15 cm. The shrimps were
transferred from the out-door pond to the indoor
PVC tank (500 litre) at 27 and after 24 hours
acclimation, healthy'larvae were selected for
experiment.
Before-introducing the juveniles, various concentrations of
different chemicals were prepared. The chemicals
include formal in, malachite green, s aponin and rotenone.
7.2.1 Formalin: The concentrations includes 1.0, 20,
30,......, 90, 100, 200, 300, 400 and
500 ppm. For each concentration,a
triplicated set of one-litre beakers
was prepares..
7.2.2 Malachite green: The malachite green solution was
prepared from powder form particulates
(A.R., Crescent Research Chemical Inc.)
One gram of this powder was added to
1 litre of sea-water. Further dilutions
were made up at 5, 10, 15, 20, 25, 30
35, 40, 45, 50 ppm in triplicated sets
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of one-litre beakers.
7.2.3 Rotenone: The rotenone formulation was
as "Pro-nonfish", a syncragized
emulsible concentrate containing 2.5%
rotenone which was diluted to make up
to different concentrations of 0.1,
0.2, 0.3,........., 1.0, 1,2,......
2.o ppm in triplicated sets of one-
litre beakers.
7.2.4 Saponin: The idea of using purified saponin
powder came from a report that tea-seed
cake contains this chemical which is
directly responsible for eradication
of predator fish (Makoto, 1980). The
concentrations were 10, 25, 50, 75, 100,
130, 200, 250, 300, 350, 400, 450 ppm.
Fifty healthy shrimps were selected and put into
the beakers containing different concentrations
of chemicals. Each beaker was supplied with
suitable aeration and the beakers were randomly
arrange in the laboratory at 28±1°C. The
mortality at 12h, 24h and 48h was recorded.
Estimation of the LTD50 at the three time intervals
followed the method of Hubert (1980).
220
7.3 RESULTS
7.3.1 Toxicity of formalin
Mortality after 12h, 24h and 48h is shown in
Table 7.1 and Fig. 7.1. In the first 12 hours,
there was no observable toxic effect for 10 and
20 ppm. The estimated 12h-LD50 was 162 ppm.
The mortality increased after prolonged exposure
as indicated from estimated 24h-LD50 and 48h-LD50
of 83.3 ppm and 67.3 ppm respectively. The
toxicity of formalin is much prominant in the
first day (i.e. LD50=83.3 ppm) than the 48h-LD50
of the second day (Table 7. 2). The increase of
the slope in the probit line indicated a decrease
of LD50. Or similarly, the mortality increases as
the duration of exposure increases. From a plot of
log concentration to mortality of the larva, a
significant linear relationship was recorded as
shown from correlation coefficient (i.e. r-value=
0.926).
7.3.2 Toxicity of malachite green
The concentrations in this toxicity test is much
higher than traditional concentration (2.5-5.0 ppm)
used to remove fungi and bacteria. Mortality was
recorded in low concentration (i.e. 5 ppm) during.
the first 12 hours. It increase sharply at 24 hours
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and 48 hours. At the same concentration, mortality
changed very little with time. This indicated the
reduced toxicity of the chemical. Indeed, it is
observed that the colour of the solution gradually
becomes paler as the exposure time increases.
Esti.amted probit line for 12 hours, 24 hours and
48 hours give a slope of 2.64, 2.98 and 3.08
respectively. The estimated 12h-LD50, 24h-LD50
and 48h-LD50 (Table 7.4) give regression
coefficients (r-values) of 0.926, 0.948 and
0.949 respectively which are highly significant
at P 0.05 level. LD-50 decreased from 71.3 to
40.1 ppm at the end of experimental period. Thus,
based on the above LD50 values from formalin and
malachite green, the M. ensis can tolerate a
higher formalin concentration.
7.3.3 Toxicity-of saponin
Similar to other chemicals, the toxicity increased
as the duration of exposure lengthened (Table 7.5
and Fig. 7.3). Complete mortality was found
in 350 and 400 ppm at the 48 hours. The probit line
shows the slopes of 1.98, 2.38 and 2.33 for 12h,
24h and 48h respectively (Table 7.6). There is no
significant 'different -in the slope for the 24h
and 48h probit line. The estimated 12h-LD50,
24h-LD50 and 48h-LD50 were 296, 123 and 125 ppm
respectively. The F-values of mortality in the 24h
and the 48h (F-value= 3.28)are insignificant
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different at P40.05 level. This indicates
that the toxic effect is the same for the 24h
and 48h. Thus it can further be deduced that
the juveniles shrimp is adapted to the toxic effect
of saponin after long exposure times. Unlike
the fish, the M. ensis can tolerate a much higher
saponin concentration. The amount of dosage
saponin is much lower in commercial shrimp farm.
7.3.4 Effect of rotenone
The chemical is commonly used to eradicate the
predator fish in the fish culturing farms. The
results show that a low concentration of rotenone
can result in a high mortality in a short time
(Table 7.7). The estimated probit.lines give the
slopes of 3.89, 4.49 and 5.35 at 12h, 24h and
48h respectively (Table 7.8 and Fig. 7.4). The
estimated LD50 decreased from 1.67, 0.921 and 0.779
at 12h, 24h and 48h respectively. During the
experimental period, the shrimps were found to
lose balance in swimming so that it swain




Disease of shrimps can be caused by fungi, bacteria,
protozoa or virus. The microbial epibiont is one of
the factors which hamper efforts to rear shrimps.
Although great variety of microbial epibiont agents
may be responsible for mortality of shrimps, one
characteristic of the microbial. eplbiont has been
found in common. It uses the surface of the shrimp as
a substrate and. depends on the sea-water for dissolved
oxygen and nourishment. Thus the microbe generally does
not produce toxic substance or cause disease leading
directly to the shrimps mortality. Instead death usually
resulted from asphyxia caused by occlusion of respiratory
surface. These microbial epibionts are usually
filamentous and non-filamentous forms. In general,
these microbial epibiontScan be removed when the shrimp
cast its shell or exoskeleton in the next molt. In
some commercial farms, fresh water is introduced into
the cultured ponds because lowering of the salinity
may stimulate mass molting so that the shrimp can get
rid of the epibionts. However, treatment with
chemical seems to be effective and can completely get
rid. of these attacks in the later culturing period.
Different forms require different therapeutic chemical
treatments. Several important shrimp diseases were found
in commercial culturing farms: they and their treatment
are described below.
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1.1 The brown spot disease: It is caused by bacteria
Beneckea sp., Vibrio sp. and Pseudomonas sp. and
results in a brownish eroded area on exoskeleton.
Treatments: Mixture of malachite green at 0.05- 1
ppm and formalin at 20-75 ppm was
effective (Sindermann, 1977).
2. Larval mycosis: This is caused by the fungus
Lagenidium callinectes. This fungus often attacks
the M. ensis postlarvae in the Marine Science
Laboratory. It proliferates quickly when the
temperature is above 28°C and the water is rich
in nutrients. It seriously affects the surface
of juveniles and mortality is usually resulted from
the incomplete molting. Thus mass mortality may
occur in the culture pond.
Treatments: 0.006 ppm malachite green has been
reported as effective in arresting the
ongoing Lagenidium epizootics when
added to larval rearing tanks before
the infection becomes well established.
3. Zoothamnium sp. infections: This species affects
the pleopod and pereiopods of the juvenilesmortality
due to incomplete molting isthe general cause of
dead.
Treatments: Salinity greater than 2U /UU inhibits
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the outbreak (Fontain, 1974) and 50 ppm
of f.orrnalin has been reported as
effective control of Zoot'lhamnium-related
epizootics on several shrimp species.
4. Saprolegnia sp. and Achlya sp.: These are water
molds that attack the shrimp larva quite often
when the temperature of the pond water is greater
than 28 C and it is' rich in nutrients.
Treatments: Combined used of formalin and malachite
green had proved effective against
saprolegniosis.
After this brief description of the major shrimp disease
caused by fungi and bacteria, I shall discuss how the
results of my experiment may be of practical use in
curing shrimp diseases and removing predators. A
concentration of 200 ppm formalin is effective in killing
most of the parasitic fungi within 0.5 hour (Sindermann,
1977). However, in my experiment, 100 ppm formalin is
highly toxic to the shrimp in 48 hours. Thus a low
dosage concentration is suggested (i.e. less than
the 48h-LD50). Below this concentration, the
effectiveness of formalin may have reduced. However,
as the effectiveness of a therapeutic chemical is a
function of the chemical concentration and the exposure
time, prolonged exposure to the chemical can remove
the fungi completely.
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Application of malachite green can prevent and cure
infection by the fungi.. The usual concentration applied
is 3 ppm (Tang, 1981). At a concentration of 2 ppm,
the malachite green can cause complete mortality of the
fungi disease organism Saprolegnia (Olah and Farkas,
1977). Treatment of M. ensis with malachite green at
less than 5 ppm had been shown to have no observable
toxic effects. In actual applciation, 5 ppm is
sufficient and effective to kill many fungi such as
Saprolegnia and Leucothrix. However, Arasake (1958)
has shown that malachite green at 0.02 ppm may retard
the growth of shrimps though actual proof of this has
not been obtained for M. ensis. In the culture pond,
prolonged exposure of the shrimp to the chemcial is
not recommended. I suggest the shrimps be removed
after treatment for 3-4 hours. Olah and Farkas (1977)
found that a combined dosage and other fungi. The
toxic effect of these combined dosage possesses broader
spectrum of action against bacterial and fungal attack.
In addition to these chemicals, copper sulphite
(Williams, 1981), potassium permanganate and methylene
blue are also useful in the treatment of external
bacterial and parasitic infections (Roberts and
Sheph: rd, 1974).
Saponin and rotenone are chemicals used extensively to
eradicate predators. In the present study, the LD50
values of saponin for shrimps is high. Table 7.9 shows
the LT50 of the fish, shrimp and crabs at different
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concentrations of saponin and a salinity of 250/00
(Makoto, 1980). At low saponin concentration, i.e.
1.1 ppm Tilapia mossambi_cashowed a LT50 of 2.5h under
the test conditions. No observable TT50 was recorded,
however, for shrimp (P. merquiensis). Although no
comparable result was obtained in my experiment, it
can be deduced from Table 7.5 and Table 7.10 that
the toxicity at 1.1 ppm was small for M ensis as there
is no mortality is recorded at 10 ppm for 12 hours.
Rotenone is widely used to control populations of fish
predator in mariculture. The usual concentration is
0.5- 5 ppm, depending on the types of fish it used
against, its toxic effect is species specific. It was
found in the present study that M. ensis cannot tolerate
2 ppm for 48 hours. Burress (1.982) showed that the
application of rotenone can reduce the species and
number of invertebrates in marine habitats. Larger
shrimps are also found to have a higher tolerance to
rotenone. Schnick (1974) and Spitler (1970) found
that fishes have a higher tolerance to rotenone than
shrimp. In comparison with saponin, rotenone is less
effective in many respects. The shrimp, as well as the
predator fish, is affected when treated by rotenone.
Thus an effective dosage to eradicate the predatory
fishes also has- harmful effect on the cultured shrimps.














Fig. 7.1 12h, 24h & 48h regression line of (i) concentration-mortality
(ii) log concentration-mortality for formalin toxicity
test.












48h:Y=9.09 + 1.29 (r = 0.965)
24h:Y=11.46 + 1.26X (r = 0.945









48h:Y=46.9 + 54.03X (r = 0.854)
24h:Y=46.56 + 51.34X (r = 0.811)
12h:Y=12.09 + 16.81X (r = 0.892)
LOG CONCNTBATION
Fig. 7.2 12h, 24h 48h regression line of (i) concentration-mortality





















Fig. 7.3 12h, 24h &48h regression line of (i) concentration-mortality
















48h:Y=6.42 + 43.26x (r = 0.985)
24h:Y=-6.51 =36.64x (r = 0.924)
Y=-3.34 + 19.06x (r = 0.948)
CONCENTRATION (ppm)
48h:Y=57.88 + 75.85x (r = 0.900)
24h:Y=35 + 59.14x (r = 0.781)
12h:Y=18.93 + 31.46x (r =0.820)
LOG CONCENTRTION
Fig. 7.4 12h, 24h & 48h regression line of (i) concentration-mortality






Effects of formalin on the mortality of M. ensis
















*Recorded as percentage dead
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Table 7.2
The Pr_ohit line* and the estimated -12h-1,C50, 24h-LC50 and the
48h-LC50 of M. ensis in the formalin test
Probit line Y'= 0.0048+2.26X Y'= 0.045+2.58X Y'= 0.03+2.72X




Effects of malachite green on the mortality (+S.D.) of
M. ensis after 12h, 24h and 48h exposure














*Recorded as percentage dead
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Table 7.4
Probit line* and the estimated 12h-LD50, 24h-LD50
and 48h-LD50 of M.ensis in the malachite green test
12h 24h 48h
Probit line Y'= 0.108+2.64X Y'= 0.067+2.98X Y'= 0.072+3.08X
LTD50 71.3 mg/i 45.4 mg/1 40.0 mg/i
* Hubert (1980). Bioassay
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Table 7.5
Effects of saponin on the mortality of M. ensis
after 12h, 24h and 48h exposure
















*Recorded as percentage dead
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Table 7.6
Probit line and the estimated 12h-LD50, 24h-LD50
and 48h-LD50 of M. ensis in the saponin test
12h 24h 48h
Probit line Y'= 0.09+1.986X Y'= 0.032+2.380X Y'= 0.05+2.332X
LD50 296 ppm 123 ppm 125 ppm
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Table 7.7
Effects of rotenone on the mortality of M. ensis
after 12, 24h and 48h exposure
Mortality* at different intervals
Concentration
Log conc
(ppm) 12h 24h 48h
00.000.0
-0.699 21.6 1.112.1 0.75.3 0.60.2
-0.398 25.0 2.313.7 0.46.6 0.70.4
-0.222 32.5 1.814.6 0.98.1 0.50.6
-0.097 39.4 1.217.7 1.99.0 1.60.8
43.6 1.321.1 3.011.6 1.70.001.0
53.1 1.931.7 3.716.2 0.90.0791.2
65.7 2.733.8 3.219.4 0.90.1461.4
71.6 2.724.2 2.5 45.2 2.70.2041.6
87.6 2.565.4 2.80.255 35.4 2.11.8
100.0 0.082.7 4.440.0 3.10.3012.0
*Recorded as percentage dead
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Table 7.8
Probit line and the estimate 12h-LD50, 24h-LD50
and. 48h-LD50 of M. ensis in the rotenone test
12h 24h 48h
Probit line Y'= 0.244+3.89X Y'= 0.67+4.49X Y'= 0.236+5.35X
LD50 1.67 ppm 0.921 ppm 0.779 ppm
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Table 7.9
LT50 (h) of fish, shrimp and crab at different
concentration of saponin (salinity: 25‰).
CrabShrimpFishconcentration











Summary of 24h-LD50 and 48h-LD50 of shrirmo, fish crab
(ppm)
P. merguiensis* T. mossamoica Uca sp.* M. ensis
1231.1 50.450.424h-LD50
1251.1 3.37. 248h-LD50
Data modified from Makoto, 1980.
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CONCLUSIONS
With the predications of rapid increase of future population,
a greater supply of food is demanded. The demand for fishery
products is growing in nearly all countries. Although fishery
production has substantially increased, the increase of
fishery yield cannot meet the demand. One possible solution
to this problem is the farming of the marine organisms.
The advantage of this process is to stabilize the supply
despite the natural fishery situation.
Shrimp a.quaculture is one of the practices which could be
the most. effective in increasing the world. shrimp supply.
,Shrimp culture has been traditionally practiced for centries
in several Asian countries on an extensive scale (Indonesia,
Thailand., Philippines, the Indo-Pacific). The most
spectacular example is the Kuruma shrimp, Penaeus
japonicus in Japan, Penaeus stylirostris and Penaeus vannamei
in Honduras and Ecuador, Penaeus monodon in the Indo-Pacific
region, Macrobranchium rosenbergii in Hawaii, U.S.A. and
certain Asian countries.
Although Penaeus semisulcatus, Penaeus monodon, Penaeus
orientalis and Penaeus merguensis have been successfully
cultivated in Hong Kong, Metapenaeus ensis is superior
to these species in certain respects. Except for the
different types of feed added to the larvae and the minor
technique applied in shrimp culture, the artificial
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propagation of the M. ensis follows a pattern similar
to other penaeidae shrimps. Although the actual growth of
the shrimp larvae is unknown, growth in ponds indicates
faster growth recorded in the early stage.
A knowledge of general biology of M. ensis is essential to
its cultivation. In terms of general external morphology,
M. ensis is characterized by the absence of ventral rostral
teeth. This distinguishes the M. ensis from the other genus,
Penaeus, of the family. This species is always confused with
M. monoceros of the same genus. Differentiation of these
two species can be done from the sex organs of the two
sexes.
The actual shrimp aquacultural practice is indeed a semi-
artificial style. Selection of gravid female, mainly
depends on the good and dark contour of the ovary. It is
the essential step towards the primary success of the
hatchery process. The gonad index indicates a peak of
reproductive periodicity of M. ensis in the month of
July, August, September and October. Moreover, the peak
also conincided with the increase of sea water temperature.
Thus, it suggested that sexual maturation might be a
direct response to the increase sea water temperature.
Comparatively, M. ensis shows a long reproductive season,
i.e. from May to October, locally. However, in Winter season,
gravid females may be obtained. EDTA is commonly added to
the sea water in the shrimp hatchery farms. The actual
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mechanism of EDTA in raising the hatching rate, larval growth
is unknown. It may be due to reducing the toxicity of
heavy metal in the polluted water. As a chelating agent,
FDTA is effective in many shrimp hatchery farms.
The embryonic and larval study of M. ensis indicated a
general pattern of development as in the Penaeidae. This
includes a. small-yolk eggs, a modified spiral cleavage,
hatching as a nauplius larva and a series of larval stages
of zoea., mysis and postlarva with intervening molts. The
larvae of different. stage required special care during the
course of artificial propagation.
In general, the pH, salinity and temperature etc. had to
be maintained. fairly constant at the favourable range. Of
these factors, the salinity range for larval development is
small fcr the larvae and the range increases as the postlarvae
is reached. This range finally decreasesa.s the juveniles
reach a larger size (adults). Oxygen consumption rate of
M. ensis is unaffected by salinity changes. This may
indicated the unaffected metabolism of M. ensis juveniles
towards the energy expenditure in the osmoregulatory process.
Temperature, in addition to affecting the growth rate, also
shows a direct effect on respiratory rate. Similar to
salinity, temperature optimum is required for highest
hatching rate, and highest survival rate and highest growth
rate. Thus salinity may have effect on the larval development
while tempreature is responsible to growth of larvae.
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Like other Arthropoda, growth of the penaeidae is
characterised by a series of molts during the life cycle.
The intermolting period of the M. ensis is lengthened as
the age of the shrimp increase. In general, the IMP decreases
as the juveniles are put in lower salinity condition. Decrease
of the IMP is related to the absorption of water during
the molting cycle of the shrimps. As mentioned by Passano
(1960)increased water content can cause a readily casting of
the exoskeleton and finally result in molting.
Feed is the largest single item in the running expenditure of
shrimp farms(New, 1976). In terms of productivity and
profits, the search of suitable feeds during different phases
of the Shrimp's life cycle is critical. Feeds of the early
larvae includes the phytoplankton diets and the artificial
diets of powder forms. Some phytoplanktons (Isochrysis
galbana and Thalassaria pseudonema) can ensure the larvae
grow well.- Thus in conjunction of the shrimp
hatchery, mass culture of these phytoplanktons diets are
essential. With the development of techniques of producing
the microencapsulated. diets, the. efforts spent on algae
culturing can be saved. However, applciation of these diets
is directly depend on different situations.' In this
condition, the M. ensis larvae show good growth when it is
fed on the Isochrysis galhana and Thalassaria pseudonema,
and the Artificial Plankton B.P.. Hirata 'et al (1975)
have reported good growth of Penaeus japonicus when the
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larvae are fed on a mixture of diatoms and soy-bean powder.
Production of the formulated diets for the later growth
of the juveniles constitutes the basic requirement of the
successful shrimp cultivation. There are numerous reports
on the nutritional requirement of shrimps. Nutritional
studies on the M. ensis however are completely based on the
quantitative, requirement. Good growth was recorded when
the juveniles were fed on the food with the highest protein
content (56%). The content of lipids and carbohydrates,
however, shows little correlation with the-growth.
Nutritional studies show that the juveniles size varied as
the time of cultivation lengthened.
The chemical test shows that the shrimp juveniles cannot
survive in low concentration of rotenone (2 ppm). Thus
in the eradication of predator fish, the juveniles shrimps will
be affected. Unlike the rotenone, juveniles can tolerate
a higher concentration of formalin, malachite green and
saoonin. Both the formalin and malachite green are effective
in disease, bacteria and fungi removal. In the brown spot
disease (caused by Beneckea sp., Vibrio sp. and Pseudomonas
sp.), a mixture of formalin and malachite green is used
(Sindermann, 1977). Thus the actual treatment of diseases
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